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PREFACE. 



THIS edition of the Geological Sketches 
offers nothing new to the public. Taken 
in connection with the former one, it only pre- 
sents in a permanent form and in their original 
sequence all the geological and glacial papers 
contributed by Professor Agassiz to the " At- 
lantic Monthly" during a number of years. 
The series must still be considered as unfin- 
ished, since his own hope of adding to it a 
complete account of his investigations on the 
drift phenomena of our coast and its outlying 
islands was not fulfilled. The material, in the 
shape of rough notes and sketches, had long 
been accumulated, awaiting for careful revision 
the quiet hour which never came. 

E. 0. A. 
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GLACIAL PERIOD. 



IN the early part of the summer of 1840, . 

I started from Switzerland for England 
with the express object of finding traces of 
glaciers in Great Britain. This glacier-hunt 
was at that time a somewhat perilous under- 
taking for the reputation of a young naturalist 
like myself, since some of the greatest names 
in science were arrayed against the novel 
glacial theory. It was not strange that it 
should be at first discredited by the scientific 
world, for hitherto all the investigations of 
geologists had gone to show that a degree 
of heat far greater than any now prevailing 
characterized the earlier periods of the world's 
history. Even Charpentier, my precursor and 
master in glacial research, who first showed 
the gi'eater extent of Swiss glaciers in former 
times, had not thought of any more general | 

application of his result, or connected their 
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..-./.••former boundaries with any great change in 
'%/ the climatic conditions of the whole continent. 
His explanation of the phenomena rested upon 
the assun^tion that the Alps formerly rose 
far beyond their present height ; their greater 
altitude, he thought, would account for the 
exUtenoe of iinn^ense glacier^ extending frpii^ 
ii^ Alp9 across the plain of Swit^rland tg 
th^ Jura. Inexperienced as I then w^a, an4 
ignorant of the modes by which new views, 
if founded on truth, commend themselves 
gradually to general acceptation, I was often 
(Jeeply depressed by the scepticism of men 
ij^^ose scientific position gave them a right to 
condemn the views of younger and less ex- 
perienced students. I can smile now at the 
difheulties whic]i then beset my path, bi|t ^ 
tlie time tliey seemed perious enougl^^ It ip 
]^ut lately, that, in turning over tliQ leaves o| 
a journal, published some twelve or fifteen 
• years ago, to look fqr it forgotten date, I wa^ 
amused to find a forn^al announcement, und^r 
the signature of the greatest geologist of 
Europe, of the denusQ of the g}?tci£^l theory. 
Since then it has risein, p^og^^ix-lik^i ^ppa iis 
own funeral pile. 
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^y to when I arrived in England, many 61 
1^7 friendilt would fain hav6 dissuaded me f ro& 
my expedition, urging me to devote myself tb 
social zoological studies^ and not to mecNfe^ 
with general ge(dogi<^a! problems of so specnta^ 
tive a* character. *^ Punch" himself did n(ilt 
disdain to ^ve me a gentle hint as to the foHy 
of my^ undiertaking, terming my journey into' 
Scotland in search of moraines a sportinj^ 
expedition after "moor-hens." Only one rf 
my older scientific friends in England, a maA*^ 
who in earlier years had weathered a similair' 
storm himself, shared my confidence in the iii^ 
vestigations looked upon by others as so vis^ 
ibnary, and offered to accompany me in vif 
excursion to the North of England, Scotland, 
and Wales. I cannot recur to that delightfcd^ 
jburtiey without a few words of grateful arid' 
affectionate tribute to the friend who sustained 
me by his sympathy and guided me by hilir 
know'ledge and experience. 

For many years I had enjojred the privilege? 
of peffiional acquaintance with Dr. Buckland' 
mild' iii 1884, when engaged in the investiga^ 
tibn of fossil' fishes, I had travelled with hixii 
tliroii^ pairtr of England arid Scotland^ zHA 
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had derived invaluable assistance from his 
friendly advice and direction. To him I was 
indebted for an introduction to all the geolo- 
gists and paleontologists of Great Britain, 
with none of whom, except Ljell, had I any 
previous personal acquaintance. Through him 
I obtained not only leave to examine all the 
fossil fishes in public and private collections 
throughout England, but the unprecedented 
privilege of bringing them together for closer 
comparison in the rooms of the Geological 
Society of London. A few years later he vis- 
ited Switzerland, when I had the pleasure of 
showing him, in my turn, the glacial phenom- 
ena of my native country, to the study of which 
I was then devoting all my spare time. After 
a thorough survey of the facts I had collected, 
he became satisfied that my interpretation of 
them was likely to prove correct, and even then 
he recalled phenomena of his own country, 
which, under the new light thrown upon them 
by the glacial phenomena of Switzerland, gave 
a promise of success to my extraordinary ven- 
ture. We then resolved to pursue the inquiry 
together on the occasion of my next visit to 
England; and after the meeting in Glasgow 
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of the British Association for Advancement of 
Science, we stai*ted for the mountains of Scot-* 
land in search of traces of the glaciers, which, 
if there was any truth in the generalizations to 
which my study of the Swiss glaciers had led 
me, must have come down from the Grampian 
range, and reached the level of the sea, as they 
do now in Greenland. 

On the 4th of November of that year, I 
read a paper before the Geological Society of 
London, containing a summary of the scientific 
results of that excursion, which I had extended 
with the same success to Ireland and parts of 
England. This paper was followed by one 
from Dr. Buckland himself, containing an ac- 
count of his own observations, and another 
from Lyell on the same subject. Since that 
time, the investigation of glaciers in regions 
where they no longer occur has been carried to 
almost every part of the globe. Before giving 
a more special account of this expedition, I 
will say a word of the mass of facts which I 
had brought from my Alpine researches, on 
which my own convictions were founded, and 
which seemed to Buckland worthy of careful 
consideration. To explain these more fully to 
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my readers, i must leave the Scotch hills for 
a while, and beg them to return with me tQ 
Switzerland once more. 

Thus far I have spoken chiefly of the ad- 
Tance of glaciers, and very justly, since they 
are in constant onward motion, being kept 
within their limits only by a waste at their 
lower extremity proportionate to their ad-. 
yance« Bat in considering the past history 
of glaciers, we must think of their changes 
as retrograde, not progressive movements; 
since, if the glacial theory be true, a great 
mass of ice, of which the present glaciers 
are but the remnants, formerly spread over 
the whole northern hemisphere, and has grad- 
ually disappeared, until now i^o traces of it 
are to be found, except in the Arctic regions 
and in lofty mountain-ranges. Every ter- 
minal moraine is the retreating footprint of 
some glacier, as it slowly yielded possession 
of the plain, and betook itself to the moun- 
tains ; wherever we find one of these ancient 
semicircular walls of unusual size, there we 
may be sure the glacier resolutely s^t its 
icy foot, disputing the ground inch by inclx, 
while heat and cold strove, for the m^tejry^ 
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There may have been a succession of coM 
summers, or, if now and then a warmer sraii- 
mer intervened, a colder one followed, so 
that the glacier regained the next year the 
ground it had lost during the preceding 
one, thus continuing to oscillate for a num- 
ber of years along the same line, and add- 
ing constantly to the dSbris collected at its 
extremity. Wherever such oscillations and 
pauseai in the retreat of the glacier occurred, 
all the materials annually brought down to its 
terminus were collected; and when it finally 
disappeared from that point, it left a wall to 
mark its temporary resting-place. 

By these semicircular concentric walls we 
can trace the retreat of the ice as it withdrew 
from the plain of Switzerland to the fastnesses 
of the Alps. It paused at Berne, and laid the 
foundation of the present city, which is built 
on an ancient moraine ; it made a stand again 
at the Lake of Thun, and barred its northern 
outlet by a wall which holds its waters back to 
this day. Other moraines, though less dis- 
tinct, are visible nearer the base of tiie Ber* 
neaeAlps, aad,, above Meyringen, the. valley 
ia apapned by^ ana. ol very. large dunenrnpiis; 
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Again, on the other side of the first chain of 
high peaks, the glacier of the Rhone, descend^ 
ing the valley toward the Lake of Geneva, has 
everywhere left traces of its ancient extension. 
We find the valley crossed at various distances 
by concentric moraines, until we reach the 
lake. There are no less than thirteen con- 
centric moraines immediately below the pres- 
ent termination of the glacier of the Rhone, 
the one nearest to the ice and the last formed, 
marking its present boundary. Others are vis- 
ible half a mile, a mile, and two or three miles 
beyond, near the villages of Obergestelen and 
Miinster. One of the largest and finest of 
these ancient moraines of the glacier of the 
Rhone stands at Yiesch, and extends across 
the whole valley, while the Rhone, already 
swollen by many mountain-torrents, has cut 
its way through it. Lower down, we meet 
with traces of other ancient glaciers, reach- 
ing laterally the main glacier, which occupied 
the centre of the valley. Such was the glacier 
of Viesch, when it extended as far down as 
the village ; * such was the glacier of Aletsch, 

* It 18 desirable that the reader should look np these local- 
ities upon a map of Switzerland, that he may be impressed 
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when it added its burden of ice to that com- 
ing from the upper valley ; such was the glacier 
of the Simplon, whose moraines, of less an- 
tiquity, may now be seen by the roadside lead- 
ing over the Alps to Italy ; such were the two 
gigantic twin glaciers that drained the north- 
ern slopes of the mountain-colosses around 
Monte Rosa and Matterhorn, united at Stalden, 
and thence, losing their independence, became 
simply lateral* tributaries of the great glacier 
of the Rhone ; such were, farther on, the gla- 
ciers coming down from all the side-valleys 
opening into the Rhone basin ; such were the 
glaciers of the St. Bernard, and even those 
of Chamouni, which in those early days crossed 
the Tete Noire to unite below Martigny with 
those that filled the valley of the Rhone. Thus 
the outlines of this glacier may be followed 
from its present remnant at the summit of 
the Valais, where the Rhone now springs forth 

with the growing grandeur of these ancient glaciers, even 
while they were retreating into the heart of the Alps. In 
proportion as they left the plain, the landscape must have 
gained in imposing effect in consequence of the isolation of 
these immense masses of ice, which in their united extension 
may have recalled rather the immensity of the ocean, than 
the grandeur of Alpine scenery. 

1* 
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from tbe ice, to the veiy shores of the lake of 
Geneva, where, near the mouth of the tivety 
on both banks of the valley, the ancient mo- 
raines may be traced to this day, thousands of 
feet above the level of the water, marking the 
course the glacier once followed. 

It is evident that here the remains of the 
glacier mark a process of retrogression; for 
had these successive walls of loose materials 
been deposited in consequence of the advance 
of tiie glacier, they would have been pushed 
together in one heap at its lower end. That 
^ch would have been the case is not mere 
inference, but has been determined by direct 
observation in other localities. We know, for 
instance, by historical record (see Gruner's 
"Natural History of the Glaciers of Switzer- 
land"), that in the seventeenth century a 
number of successive moraines existed at 
Grindelwald, which have since been driven 
together by the advance of the glacier,, and- 
now form but one. Indeed, we have ample 
traditional evidence of the oscillations of glieir 
cier-boundaries in recent times. When I was 
engaged in tlie investigation of this subject,,! 
sought out all the chronides^ kept- in old- con* 
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Tents w Gbrades wbieh might throw axrf light 
upon it. Amtmg other records, I chanoed 
upon the following, wMch may hare flome 
iaterest for the historian as wdl as the geolr 
ogist. 

Durisig the religions wars of l^e sixteenth 
<^entury, when the €atholics gained the ascen^ 
dency in the Canton of Yalais, tiiie mhabitants 
of the upper valleys adhered to the Protestant 
fail^. Shut ont from ordinary communication 
with the Protestant churches by tlie Semese 
Oberland, the account states tliat tliese peas* 
ants braved every obstacle to the exercise of 
their religion, and used to carry their children 
over a certain road by the valley of Viesch, 
across the Alps, to be baptized at Grindelwald, 
on the farther side of the glaciers of Aletsch 
and Yiesch. I could not understand this 
statement, for no such road exists, or could 
be conceived possible at present; nor was 
there any knowledge of it among the guides, 
intimate as they are with every feature of the 
region. Impressed, however, with the idea 
that there must be some foundation for the 
statement, I carefully examined the ground, 
and, penetrating under the glacier of Aletsch, 
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I actually found, a number of feet below the 
present level of the ice, the paved road along 
which these hardy people travelled to church 
with their children, and some traces of which 
are still visible. It has been almost com- 
pletely buried, although here and there it 
reappears; but at this day it is completely 
impassable for ordinary travel. 

Evidence of a like character is found in a 
number of facts cited by Venetz in his cele- 
brated paper upon the variations of tempera- 
ture in the Swiss Alps, drawn from the parish 
and commune registers of the Canton of Valais. 
Among these are acts concerning the right 
to roads which are now either entirely hid- 
den by ice or rendered nearly useless by the 
advance of the glacier, a lawsuit respecting 
the use of a forest which no longer exists 
but the site of which is covered by a glacier, 
and other records of a similar character. The 
only document so far as I know, previous to 
this century, which furnishes the means of 
delineating with any accuracy the former 
boundary of a glacier, is a topographical plan 
of the environs of the Grimsel, including the 
extremity of the Aar, making a part of Alt- 
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mann's work upon the Alps. In 1740, Ka- 
peler, a physician of Lucerne, undertook a 
journey to the mountains of the Aar, to visit 
certain crystal grottos, now well known, but 
then recently discovered. He prepared a map 
of these grottos and their vicinity, in which 
they are represented as being situated at some 
distance from the extremity of the glacier, 
the lower end of which is now considerably 
beyond them.* 

But to return to the glacier of the Rhone. 
We can detect the sequence and relative age 
of its ancient moraines, not only by their posi- 
tion with reference to each other and to the 
present glacier, but also by their vegetation. 
The older ones have a mature vegetation; 
indeed, some of the largest trees of the valley 
stand upon the lower moraines, while those 
higher up, nearer the glacier, have only com- 
paratively small trees, and the more recent 
ones are almost bare of vegetation. More- 
over, we do not lose the track of the great 

* This map, with all its details and measarements, is re- 
produced (PL V. fig. 1) in my ''Systime Glaciate." It was 
accompanied by an explanatory paper in the form of a letter 
to Altmann, then Professor at Berne. 
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glftcier of th6 Rhone even trhen Hre hMv^ tiA- 
lowed its ancient boundaries to the shores of 
the Lake of Oeneva; for along its northern 
and southern shores We can follow the lateral 
moraines marking the limits of tiie glacier 
which once occupied that crescent-shaped de* 
pression now filled by the blue waters of the 
lake. 

M. de Charpentier wiats the first geolopdt 
who attempted to draw the outlines of th^ 
glacier of the Rhone during its greatest exten- 
sion, when it not only filled the basin of the 
Lake of Geneva, but stretched across the hilly 
plain to the north, reached the foot of th^ 
Jura, and even rose to a considerable height 
along the southern slope of that chain of 
mountains. At that time the colossal glaciei^ 
spread at its extremity like a fan, extending 
westward in the direction of Geneva and east* 
ward towards Soleure.* The Very minute and 
extensive ivestigations of Professor A. Guyot 
upon the erratic boulders of Switzerland havd 
not only confirmed the statements of M. de 

• M. de Charp^ntiei' h&s published a xtiap of this Micicffl 
gkefer in his '*£&fi8y upoii th« Glfteieni and Eitfttieir of tiitf 
Valley of the Rhone." 



CSmrpe^tier, but evQa 9hown tibati the nortb* 
et^tern boundary of tliQ ancient glacier of th%. 
Bbone wa3 morq extensive tban was at ficst. 
supposed. Other researches upon the ancient; 
moraine;^ along the shore& o£ the Lake of 
Geneva, and in other parts of Switzerland, isk 
which most geologists of the day took an ac- 
tive part,^ have made us, as fully convert 
sa;nt with the successive outlines and varying 
extent of the principal glaeiers ran^ng from, 
the Alpine s^nunits to the surrounding low- 
ls^^ds as, we are with the glaciers in their 
piresent circumscription. But no one has 
4Qne as much as Professor Guyot to add pre- 
cision to tiiese investigations. The number 
o| localities, the level of which he has deter- 
ipined barometrically, with the view of fixing 
t|ie ancient levels qf all these vanished, gla- 
(i&FBj is almost incredible. The result of all 
these surveys has been a distinct recognition; 
qf not less than seven gigantic glaciers de- 
scending from the northern and western slopes 
of the Alps to the adjoining hilly plains of 
Switzerland an.d Fraiice^ It is most interestr 
i;ig to trace their outlines upon a recent map 
q{ thoQCL-coiuxtries, but. it requires tbat.kind, of. 
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intellectual effort of the imagination without 
which the most brilliant results of modem 
science remain an unmeaning record to us. 
Let us, nevertheless, try to follow. 

The glacier of the Rhone, occupying the 
whole space between the Bernese and Yalesian 
Alps, filled to overflowing the valley of the 
Rhone; at Martigny it was met by a large 
tributary from Mont Blanc, by the side of 
which it advanced into the plain beyond, fill- 
ing the whole Lake of Geneva, and covering 
the beautiful Canton de Yaud and parts of 
Pribourg, Neuchatel, Berne, and Soleure, rising 
to the crest of the Jura, and in many points 
penetrating even beyond its outer range. 

To the east of this, the largest of all the 
ancient glaciers of Switzerland, we find the 
ancient glacier of the Aar, descending from 
the northern slope of the whole range of the 
Bernese Oberland. The glaciers that once 
filled the valley of Hasli, from the Grimsel to 
Meyringen, and those that came down from the 
Wetterhorner, the Schreckhorner, the Pinster- 
Aarhorn, and the Jungfrau tlirough the valleys 
of Orindelwald and Lauterbrunnen, united in 
a common bed, the bottom of which was the 
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present basin of the lakes of Brientz and 
Thun. These were joined by the glaciers 
emptying their burden through the valley of 
the Kander. To these combined glaciers the 
formation of the terminal moraine of Thun 
must be ascribed. But before this had been 
formed, the glacier of the Aar, in its amplest 
extension, had also reached the foot of the 
Jura, without, however, spreading so widely as 
the glacier of the Rhone. Farther to the east 
Professor Guyot has traced the boundaries of 
three other colossal glaciers, one of which 
derived its chief supplies from the Alps of Uri, 
bringing with it all the tributaries which the 
main glacier coming down from the St. Gothard 
received right and left, in its course through 
the valley of the Reuss and the basins of the 
lakes of Lucerne and Zug. The second, born 
in the Canton of Glaris, followed mainly the 
present course of the Linth and the basin of 
the Lake of Zurich. Professor Escher von der 
Linth has shown that the lovely city of Zurich 
is built upon a moraine, like Berne. The im- 
agination shrinks from the thought that all 
the beautiful scenery of those countries should 
once have been hidden under masses of ice, 

B 
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}Sk» ftose now covering Ooeenland. The 
easternmost ancient glacier of Switzerland 
was that of the Bhine. It had its sources in 
all the valleys from which now descend the 
many tributaries of that stream, and must 
have spread over the northeastern Cantons, 
filling the Lake of Constance, and terminating 
at the foot of the Suabian Alp. Next to the 
glacier of the Bhone, thia was once the lar-^ 
gest of those descending from the rangp of tiie. 
Alps. 

West of Mont. Blanc, Professor Gujot' ha& 
traced the boundaries of two otlier distinct, 
ancient glaciers* One of these, the glacier of 
Hie Arve, followed chiefly the course of the 
Arv^, and, though discharging the icy accu* 
mnlations from the western slope of Mont^ 
Blanc, was, a& it were, only a lateral affluent 
of the great Racier of the Bhone. The other, 
tlie glacier of the Isdre, occupied, to the south 
and west of the preceding, the large triangular 
space intervening between the Alps and the 
Jura, in that, part of Savoy where the two 
mountain-chains converge and become united*. 

It would lead me too far, were I to describe 
also tiie. course of the . great aodent skiers. 
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irhich d6&cended from the southern slopes d 
the Alps into the plain of Northern Italy. 
Moreover, these boundaries are not yet ascer^ 
tained with the same degree of accuracy as 
those of the notthern and western slopes ; 
though vety accurate descriptions of some of 
them have been published, with illustrations 
on a large scale, by MM. Martins and Gastaldi, 
and of others by Professor Ramsey. I have 
ftiyself examined only the upper part of that 
of th6 vUUey of Aosta. 

The evidence concerning the ancient glaciers 
of the Alps, especially within the limits of 
Switzerland, is already so full that it affords 
ample means for a comprehensive general xieir 
of the subject. When a stretch of titae or 
space lies between us and a matter we have 
once studied more closely, we often see it as a 
whole more vividly than when our nearness to 
it forced all its details upon our .observation. 
In my present position, separated by the lapse 
of many years from my personal investigation 
of the ancient and modern glaciers of Europe, 
I look back upon them from another continent, 
ttid it seems to me that I have, as it were, a 
bird's-eye view of their whole extent. I oofir 
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fess that this distant retrospect of the subject 
has been to mc almost as fascinating as were 
the reearches of my earlier years in the same 
direction. I wish that I could present it to 
tlie minds of my readers with something of the 
attraction it possesses for me. I trust, how- 
ever, that I have made it plain to them that 
the great mountain-chain of the Alps has been 
a central axis from which immense glaciers at 
one time descended in every direction, not only 
to its base, beyond which the lowlands extend 
in flat undulations, but to a greater or less dis- 
tance over the adjoining plains ; while at pres- 
ent they are confined to the higher valleys. 
The first attempts at a generalization concern- 
ing their origin started from the assumption 
that they must have been formed between the 
high ridges from which they seem to flow down. 
My own theory was also at first, that the up- 
heaval of the Alps must, in some way or other, 
have been connected with these phenomena. 
But it soon became evident to me that these 
views were inadequate to account for the for- 
mer presence of extensive glaciers in other 
parts of Europe ; and even within the range of 
the Alps there were insuperable objections to 
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their final admission. If the ancient glaciers 
had been first formed among the highest moun- 
tains, and extended downwards into the plains, 
the largest and highest moraines ought to be 
the most distant, and to be formed of the most 
rounded masses ; whereas the actual condition 
of the detrital accumulations is the reverse, 
the distant materials being widely spread, and 
true moraines being found only in valleys con- 
nected with great chains of lofty mountains. 

Again, all these moraines are witliin one 
another, — the most distant from the glacier 
to which they owe their origin, encircling all 
those which are nearer and nearer to it within 
the same glacial basin. As no glacier could 
reach its farthest moraine without pushing for- 
ward all the intei-vening loose materials, it is 
self-evident that the outer moraines were first 
formed, while those nearer the glacier were 
built up subsequently, in the order in which 
they follow one another from the lower valleys 
to the higher levels at which alone glaciers 
exist at present. Thus we see that the glaciers 
to which these ancient moraines owe their 
origin must have been retreating gradually 
while the moraines were accumulating. But a 
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glacier while uniformly retreating forms no 
high walls of loose materials around its edges 
and at its lower extremity ; as it melts away, 
it only drops the burden of angular rocky frag- 
inents carried upon its back over the loose 
fragments above which it moves, and which it 
grinds to powder, or to sand, or to rounded 
lobbies, in its progress. It is only where ihe 
Racier remains stationary for a longer or 
shorter period that large terminal moraines 
dftn accumulate ; and they are generally found 
Hi such places in the valleys of the Alps as 
would naturally determine the lower limit of a 
glacier for the time being. We cannot escape 
i^ conclusion that the ancient glaciers must 
hftve begun that series of oscillations to which 
tiie accumulation of the moraines is to be as- 
^bed, at a time when ice-fields already occu- 
fied the whole area wliich they have covered 
during their greatest extension. After we 
shall have seen how many centres of dispersion 
of erratic boulders, similar to that of the Alps, 
existed in the northern hemisphere^ we may 
perhaps be able to form some idea of the man- 
lier in which these icefields or^^a>ted and 
^i^dually vanished^ 
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Some investigators have been inclined to 
explain the presence of boulders, moraine^ 
drift, and the like phenomena by the action ol 
water. But even if we could believe that rivera 
bad brought along with them such masses of 
rock, and deposited them where they are now 
found, the regularity in the distribution of the 
materials disproves any such theory. In the 
lateral moraines of the Lake of Geneva we 
have a striking illustration of this apparently 
systematic division of the loose materials. The 
northeastern moraines of that glacial basin 
contain rocks belonging exclusively to the 
northern side of the valley of the Rhone, while 
the moraines on the southern shore of the lake 
consist of rocks belonging to its southern side* 
Indeed, rivers, so far from building up mo- 
raines, have often partially destroyed them* 
We find various instances of moraines through 
which a river runs, having worn for itself a 
passage, on either side of which the form of 
the moraine remains unbroken. In the valley 
of the Rhone there are villages, as, for in- 
stance, Viesch, built on such moraines, with 
the river running through their centre^. 

If we need further Qonfirmation of the fact 
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that these accumulations on either side of this 
and other Swiss lakes are ancient lateral mo- 
raines, we have it in their connection with 
walls of a like nature at their lower end, where 
we find again transverse moraines barring their 
outlet, and also in the continuity of long trains 
of fragments of similar rocks extending side 
by side across wide plains for great distances 
without mixture. Prom the beginning of my 
investigations upon the glaciers, I have urged 
these two points as most directly proving their 
greater extension in former times, and more 
recent researches constantly recur to this kind 
of evidence. All our lakes would be filled with 
loose materials, had their basins not been shel- 
tered by ice against the encroachments of 
river-deposits during the transportation of the 
erratic boulders to the farthest limits of their 
respective areas. All the continuous trails of 
rocks derived from the same locality would 
have been scattered over wide areas, had they 
not been carried along, in unyielding tracks, 
like moraines. On a small scale the waters of 
the Rhone and of the Arve recall to this day 
such a picture. There are few travellers in 
Switzerland who have not seen these two riv- 
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ers, where they flow side by side, at the south- 
ern extremity of the lake, meeting, but not 
mingling, the different color of their water 
marking the two parallel currents. In old 
times, when the glaciers filled all the valleys 
at the base of Mont Blanc, and to the east of 
it, uniting in the valley through which now 
runs the river Rhone, the glacier of the Arve 
came down to meet the ice from the valley of 
the Rhone, in the same manner as the river 
Arve now comes to meet the waters of the 
Rhone where they rush out from the southern 
end of the lake. 

This would be the proper place to consider 
the formation of the lakes of Switzerland, as 
well as their preservation by the agency of 
glaciers. But this subject is so intricate, and 
has already given rise to so many controversies 
which could not be overlooked in this connec- 
tion, that I prefer to pass it over altogether in 
silence. Sufiice it to say that not only are 
most of the lakes of Switzerland hemmed in 
by transverse moraines at their lower extrem- 
ity, but the lakes of Upper Italy, at the foot of 
the Alps, are barred in the same way, as are 
also the lakes of Norway and Sweden, and 

2 
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some of our own ponds and lakes. Strange as 
it may seem to the traveller who sails under 
an Italian sky over the lovely waters of Como, 
Maggiore, and Lugano, it is, nevertheless, true, 
that these depressions were once filled by solid 
masses of ice, and that the walls built by the 
old glaciers still block their southern outlets. 
Indeed, were it not for these moraines, there 
would be comparatively few lakes either in 
Northern Italy or in Switzerland. The greater 
part of them have such a wall built across one 
end, and, but for this masonry of the glacier, 
there would have been nothing to prevent their 
waters from flowing out into the plain at the 
breaking up of the ice-period. We should then 
have had open valleys in place of all these 
sheets of water which give such diversity and 
beauty to the scenery of Northern Italy and 
Switzerland, or, at least, the lakes would be 
much fewer and would occupy only the deeper 
depressions in the hard rocks. 

Such being the evidences of the former ex- 
tent of the glaciers in the plains, what do the 
mountain-summits tell us of their height and 
depth? for here, also, they have left their 
handwriting on the wall. Every mountain- 
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mAe In the Alps is inscribed with these ancient, 
characters, recording the level of the ice ia 
pafit times. Here and there a ledge or terrace 
on the wall of the valley has afforded support 
for the lateral moraines, and wherever such an, 
accumulation is left, it marks the limit of the 
ice at some former period. These indications 
are, however, uncertain and fragmentary, de- 
pending upon projections of the rocky walls* 
But thousands of feet above the present level 
of the glacier, far up towards their summits, 
we find the sides of the mountains furrowed, 
scratched, and polished in exactly the same 
laanner as the surfaces over which the glaciers 
pass at present. These marks are as legible 
and cleax to one who is familiar with glacial 
traces as are hieroglyphics to the Egyptian 
scholar; indeed, more so, — for he not onty 
recognizes their presence, but reads their mean- 
ing at a glance. Above the line at which these 
indications cease, the edges of the rocks are 
sharp and angular, the surface of the mountain 
rough, unpolished, and absolutely devoid of all 
smrks resulting from glacial action. On the 
Alps these traces are visible to a height of nime 
thousaad; leQt, wd a^Qrcwia. the whole pl^w «£ 
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Switzerland, as I have stated, one may trace 
the glaciers by their moraines, by the masses 
of rock they have let fall here and there, by 
the drift they have deposited, to the very foot 
of the opposite chain, where they have dropped 
their boulders along the base of the Jura. 
Ascending that chain, one finds the grooved, 
polished, and scratched surfaces to its summit, 
on the very crest of which boulders entirely 
foreign to the locality are perched. Follow the 
range down upon the other side and you find 
the same indications extending into the plains 
of Burgundy and Prance beyond. 

With a chain of evidence so complete, it 
seems to me impossible to deny that the whole 
space between the opposite chains of the Alps 
and the Jura was once filled with ice ; that this 
mass of ice completely covered the Jura, with 
the exception of a few high crests perhaps, 
rising island-like above it, and mounted to a 
height of some nine thousand feet upon the 
Alps, while it extended on the one side into 
the northern plain of Italy, filling all its de- 
pressions, and on the other down to the plains 
of Central Europe. The only natural inference 
from these facts is, that the climatic conditions 
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leading to their existence could not have been 
local; they must have been cosmic. When 
Switzerland was bridged across from range to 
range by a mass of ice stretching southward 
into Lombardy and Tuscany, northward into 
Prance and Burgundy, the rest of Europe could 
not have remained unaffected by the causes 
which induced this state of things. 

It was this conviction which led me to seek 
for the traces of glaciers in Great Britain. I 
had never been in the regions I intended to 
visit, but I knew the forms of the valleys in 
the lake-country of England, in the Highlands 
of Scotland, and in the mountains of Wales 
and Ireland, and I was as confident tliat I 
should find them crossed by terminal moraines 
and bordered by lateral ones, as if I had already 
seen them. 

The reader must not suppose, when I describe 
these walls formed of the dSbris of the glacier 
as consisting of boulders, stones, pebbles, sand, 
and gravel, a rough accumulation of loose ma- 
terials indiscriminately thrown together, that 
we find the ancient moraines presenting any 
such appearance. Time, which mellows and 
softens all the wrecks* of the past, has clothed 
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them with turf, grassed them over, planted 
them with trees, sown his seed and gathered 
in his harvests npon them, until at last they 
make a part of the undulating surface of the 
country. Were it not for anticipating my 
story, I could point out many a green hillow, 
rising out of the fields and meadows immedi* 
ately about us, that had its origin in tlie old 
ice-time. Thus disguised, they are not so evi- 
dent to the casual observer ; but, nevertheless, 
when once familiar with the peculiar form, 
character, and position of these rounded ridges 
scattered over the face of the country, they are 
easily recognized. 

Of course the ancient glaciers of Great 
Britain were far more difficult to trace than 
those of Switzerland, where the present glaciers 
are guides to the old ones. Nevertheless, my 
expectations were more than answered. The 
first valley I entered in the glacial regions of 
Scotland was barred by a terminal moraine; 
and throughout the North of England, as well 
as in Scotland and Ireland, I found the hill- 
sides covered with traces of glacial action, as 
distinct and unmistakable as those I had left 
in my native land. Not only was the surface 
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of the country polished, grooved, and scratched, 
as in the region of existing glaciers, presenting 
an appearance corresponding exactly to that 
described elsewhere, but we could track the 
path of the boulders where they had come 
down from the hills above and been carried 
from the mouth of each valley far down into 
the plains below. In Scotland and Ireland the 
phenomena were especially interesting. I had 
intended to give in this article some account 
of the " parallel roads " of Glen Roy, marking 
the ancient levels of glacier-lakes, so much dis- 
cussed in this connection. But the reminiS" 
cences of old friends, and the many associations 
revived in my mind by recurring to a subject 
which I have long looked upon as a closed 
chapter so far as my own researches are. con- 
cerned, have constantly led me beyond the 
limits I had prescribed to myself in these 
papers upon glaciers ; and as the story of Glen 
Roy and the phenomena connected with it is 
a long one^ I shall reserve it for another 
article^ 



THE PARALLEL ROADS OF GLEN 
ROY, IN SCOTLAND. 

THERE are phenomena in nature which 
give the clew to bo many of its mysteries, 
that their correct interpretation leads at once 
to broad generalizations and to the rapid ad- 
vance of science in new directions. The ex- 
planation of one very local and limited problem 
may clear up many collateral ones, when its 
solution includes the answer to a whole set 
of kindred inquires. The " parallel roads " of 
Glen Roy offer such a problem. For half a 
century they have been the subject of patient 
investigation and the boldest speculation. To 
them natural philosophers have returned again 
and again to test their theories, and until they 
are fully understood no steady or permanent 
advance can be made in the various views 
which they have suggested to different observ- 
ers. The theory of the formation of lakes by 
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barriers, presented by McCuUoch and Sir T. 
Lauder-Dick, that of continental upheavals and 
subsidences, advocated by Sir Charles Lyell 
and Charles Darwin, that of inundations by 
great floods, maintained by Professor H. D. 
Rogers and Sir George Mackenzie, that of 
glacial action, brought forward by myself, 
have been duly discussed with reference to 
this difficult case; all have found their advo- 
cates, all have met with warai opposition, and 
the matter still remains a mooted point; but 
the one of all these theories which shall stand 
the test of time and repeated examination and 
be eventually accepted will explain many a 
problem besides the one it was meant to solve, 
and lead to further progress in other direc- 
tions. 

I propose here to reconsider the facts of the 
case, and to present anew my own explanation 
of them, now more than twenty years old, but 
which "I have never had an opportunity of 
publishing in detail under a popular form, 
though it appeai'ed in the scientific journals of 
the day. 

Before considering, however, the phenomena 

of Glen Boy, or the special glacial areas scat- 

2* o 
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tered over Scotland and the other British 
Isles, let us see what general evidence we have 
that glaciers ever existed at all in that realm. 
The reader will pardon me, if, at the risk of 
repetition, I sum up here the facts which, 
from their identity with those produced by 
present glaciers, must be admitted, wherever 
they are found, as proof of their former exist- 
ence. Such a smnmary may serve also as a 
guide to those who would look for glacial 
traces where they have not hitherto been 
sought. 

In the first place, we have to consider the 
singular^ abrasion of the surfaces over which 
the glacier has moved, quite unlike that 
produced by the action of water. We have 
seen that such surfaces, wherever the glacier- 
marks have not been erased by some subse- 
quent action, have several unfailing character- 
istics : they are highly polished, and they are 
also marked with scratches or fine strue^ with 
grooves and deeper furrows. Where best pre- 
served, the smooth surfaces are shining ; they 
have a lustre like stone or marble artificially 
polished by the combined friction and pressure 
of some harder material than itself until «I1 iis 
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^equalities have been completely leTelled and 
its surface has bec(»ne glossy. Any marble 
mantel-piece may serve as an example of this 
kind of glacier-worn 8ur&.ce. 

The levelling and abrading action of water 
on rock has an entirely different character. 
Tides or currents driven powerfully and con* 
stantly against a rocky shore, and bringing 
with them hard materiak, may produce blunt, 
smooth surfaces, such as the repeated blows 
of a hammer on stone would cause ; but they 
never bring it to a high polish, because the 
grinding materials are not held steadily down 
in firm permanent contact with the rocky 
surfaces against which they move, as is the 
case with the glacier. On the contrary, be* 
ing dashed to and fro, they strike and re- 
bound, making a succession of blows, and 
never a continuous, uninterrupted pressure and 
friction. The same is true of all the marks 
made on rocky shores against which loose ma- 
terials are driven by water-currents. They are 
separate, disconnected, fragmentary ; whereas 
the lines drawn by the hard materials set in 
the glacier, whether light and fine or strong 
and deep, are continuous^ often unbroken for 
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long distances, and rectilinear. Indeed, we 
have seen that we have beneath every glacier 
a complete apparatus adapted to all the results 
described above. In the softer fragments 
ground to the finest powder under the incum- 
bent mass we have a polishing paste ; in the 
hard materials set in that paste, whether peb- 
bles, or angular rocky fragments of different 
sizes, or grains of sand, we have the various 
graving instruments by which the finer or 
coarser lines are drawn. Not only are these 
lines frequently uninterrupted for a distance 
of many yards, but they are also parallel, except 
when some change takes place in the thickness 
of the ice, which may slightly modify the 
trend of the mass, or where lines in a variety 
of directiens are produced by the intermittent 
action of separate glaciers running succes- 
sively at different angles over the same sur- 
faces. The deeper grooves sometimes present 
a succession of short staccato touches, just as 
when one presses the finger vertically along 
some surface where the resistance is sufficient 
to interrupt the action without actually stop- 
ping it, — a kind of grating motion, showing 
how firmly the instrument which produced 
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it must have been held in the moving mass. 
No currents or sudden freshets carrying hard 
materials with them, even moving along straight 
paths down hillsides or mountain-slopes, have 
ever been known to draw any such lines. 
They could be made only by some instrument 
held fast as in a vice by the moving power. 
Something of the kind is occasionally produced 
by the drag of a wheel grating over rocks 
covered with loose materials. 

It has been said that grounded ice or ice- 
bergs floating along a rocky shore might pro* 
duce similar marks; but they will chiefly 
be at the level of high-water mark, and, if 
grounded, they wilL trend in various du-eo- 
tions, owing to the rocking or rotating move- 
ment of the iceberg. It has also been urged, 
that, without admitting any general glacier- 
period, icebergs and floating ice from more 
northern latitudes might account for the ex- 
tensive transportation of the loose materials 
scattered in a continuous sheet over a large 
portion of the globe. There can be no doubt 
that debris of all sorts are carried to great 
distances by floating ice ; where their presence 
is due to this cause, however, they are every- 
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where stranded along the shore or dropped to 
the sea-bottom. Large boulders are frequently 
left by the ice along the New England coast, 
and we shall trace them hereafter among the 
8and-4unes of Cape Cod. But before it can 
be admitted that the drift-phenomena, and the 
polished and engraved surfaces with which 
they are everywhere intimately associated, are 
owing to floating ice or icebergs, it must be 
shown that all these appearances have been 
produced by some agency moving from the 
sea-'board towards the land, and extending up 
to the very summits of the mountains, or else 
that all the countries exhibiting glacial phe* 
nomena have been sunk, below the ocean to 
the greatest height at which glacier-marks are 
found, and have since gradually emerged to 
their present level. Now, though geologists 
are lavish of immersions when something is to 
be accounted for which they cannot otherwise 
explain, and a fresh baptism of old Mother 
Earth is made to wash away many obstacles 
to scientific theories, yet the common-sense of 
the world will hardly admit the latter assump- 
tion without positive proof; and all the evi- 
ednce of the. kind we have, at the period under 
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consideration, indicates only a comparatively 
slight change of relative level between sea and 
land within a narrow belt along the shores; 
and even this is shown to be posterior, not 
anterior, to the glacial phenomena. As to 
the supposition that the motion proceeded from 
the sea towards the land, all the facts are 
against it, since the whole trend of these phe- 
nomena is from inland centres toward the 
shore, instead of being from the coast up- 
ward. 

Certainly, no one familiar with the facts 
could suppose that floating ice or icebergs had 
abraded, polished, and furrowed the bottom of 
narrow valleys as we find them worn, polished, 
and grooved by glaciers. And it must be 
remembered that this is a theory founded not 
upon hypothesis, but upon the closest compar- 
ison. I have not become acquainted with these 
marks in regions where glaciers no longer ex- 
ist, and made a theory to explain their pres- 
ence. I have, on the contrary, studied them 
where they are in process of formation. 1 
have seen the glacier engrave its lines, plough 
its grooves and furrows in the solid rock, and 
polish ike surfaces over which it moved, and 
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was familiar with all this when I found after- 
wards appearances corresponding exactly to 
those which I had investigated in the home 
of the present glaciers. I could therefore say, 
and I think with some reason, that '' this also 
is the work of the glacier acting in ancient 
times as it now acts in Switzerland.'* 

There is another character of glacial action 
distinguishing it from any abrasions caused by 
water, even if freighted with a large amount 
of loose materials. On any surface over which 
water flows we shall find that the softer mate- 
rials have yielded first and most completely. 
Hard dikes will be left standing out, while 
softer rocks around them are worn away, — 
furrows will be eaten into more deeply, — fis- 
sures will be widened, — clay-slates will be 
wasted, -— while hard sandstone or limestone 
and granite will show greater resistance. Not 
so with surfaces over which the levelling plough 
of the glacier has passed. Wherever softer 
and harder rocks alternate, they are brought 
to one outline; where dikes intersect softer 
rock, they are cut to one level with it ; where 
rents or fissures traverse the rock, they do not 
seem to have been widened or scooped out more 



GLEN BOY, IN SCOTLAND. 41 

deeply, but their edges are simply abraded on 
one line with the adjoining surfaces. What- 
ever be the inequality in the hardness of the 
materials of which the rock consists, even 
in the case of pudding-stone, the surface is 
abraded so evenly as to leave the impression 
that a rigid rasp has moved over all the undu- 
lations of the land, advancing in one and the 
same direction and levelling all before it. 

Among the inequalities of the glacier-wora 
surfaces which deserve especial notice are the 
so-called roches moutonn^es. They are knolls 
of a peculiar appearance, frequent in the 
Alps, and first noticed by the illustrious De 
Saussure, who designated them by that name, 
because, where they are numerous and seen 
from a distance, they resemble the rounded 
backs of a flock of sheep resting on the ground. 
These knolls are the result of the prolonged 
abrasion of masses of rocks separated by deep 
indentations wide enough to be filled up by 
large glaciers, overtopping the summits of the 
intervening prominences, and passing over 
them like a river, or like tide-currents flowing 
over a submerged ledge of rock. It is evident 
that water rushing over such sunken hills or 



42 T&£ PABALLfiL BOADJ^ Of 

ledges, adapting itself readily to all the in- 
equalities over which it flows, and forming 
eddies against the obstacles in its course, will 
scoop out tortuous furrows upon the bottom, 
and hollow out rounded cavities agahist the 
walls, acting especially along pre-existing fis- 
sures and upon the softer parts of the rock. 
The glacier, on the contrary, moving as a 
solid mass, and carrying on its under side its 
gigantic file set in a fine paste, will in course 
of time abrade uniformly the angles against 
which it strikes, equalize the depressions be- 
tween the prominent masses, and round them 
off until they present those smooth bulging 
knolls known as the roches moutonnSes in 
ttie Alps, and so characteristic everywhere of 
glacier-action. A comparison of any tide-worn 
hummock with such a glacier-worn mound 
Will convince the observer that its smooth aiid 
evenly rounded surface was never produced by 
water. 

Besides their peculiar form, the roches rtiou- 
tormies present all the characteristic features 
of glacier-action in their polished surfaces 
accompanied with the straight lines, grooves, 
and farrows above described. There are two 
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circumstances connected with these knolls de- 
serving special notice. They frequently pre- 
sent the glacial marks only on one side, while 
the opposite side has all the irregularities and 
roughness of a hill-slope not acted upon by ice. 
It is evident that the polished side was the one 
turned towards the advancing glacier, the side 
against which the ice pressed in its onward 
movement, — while it passed over the other 
side, the lee side as we may call it, without 
coming in immediate contact with it, bridging 
the depression, and touching bottom again a 
little farther on. As an additional evidence 
of this fact, we frequently find on the lee sidei 
of such knolls accumulations of the loose ma- 
terials which the glacier carries with it. It 
is only, however, when the knolls are quite 
high, and abrupt enough to allow any rigid 
substance to bridge over the space in its de- 
scent from the summit to the surface below, 
that we find these conditions ; when the knolls 
are low and slope gently downward in every 
direction, they present the characteristic gla- 
cier-surfaces equally on all sides; This cir- 
cumstance should be borne in mind by all who 
investigate the traces of glacier-action; for 
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the inequality in the surfaces presented hj the 
opposite sides of any obstacle in the path of the 
ice is often an important means of determining 
the direction of its motion. 

The other characteristic peculiarity of these 
roches moutonnSes consists in the direction of 
the glacier-scratches, which ascend the slope 
to its summit in a direct line on one side, 
while they deviate to the right and left on the 
other sides of the knoll, more or less obliquely 
according to its steepness. Occasionally, large 
boulders may bie found perched on the very 
SHmmit of such prominences. Their position 
is inexplicable by the supposition of currents 
as the cause of their transportation. Any 
current strong enough to carry a boulder to 
such a height would of course sweep it on with 
it. This phenomenon finds, however, an easy 
explanation in the glacial theory. The tliick- 
ness of such a sheet of ice is of course less 
above such a hill or mound than over the lower 
levels adjoining it. Not only will the ice melt, 
therefore, more readily at this spot, but, as ice 
is transparent to heat, the summit of the prom- 
inence will become warmed by the rays of the 
eon, and will itself facilitate the melting of 
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the ice above it. On the breaking up of the 
ice, therefore, such a spot will be the first to 
yield, and allow the boulders carried on the 
back of the glacier to fall into the hollow thus 
formed, where they will rest upon the pro- 
jecting rock left uncovered. This is no the- 
oretical explanation; there are such cases iii 
Switzerland, where holes in the ice are formed 
immediately above the summit of hills oc 
prominences over which the glacier passes^ 
and into which it drops its burdens. Of 
course, where the ice is constantly renewed 
over such a spot by the onward progress of 
the glacier, these materials may be carried off 
again ; but if we suppose such a case to occur 
at the breaking up of the glacier-period, in a 
locality from which the ice was disappearing' 
forever, it is easy to account for the poising 
of these large boulders on prominent peaks or 
ledges. 

The appearances about the roches moutorir 
nSeSj especially the straight scratches and 
grooves on the side up which the ice ascendiedy 
have led to a mistaken view of the mode in 
which large boulders are transported by icel 
It has been supposed by those who, while they 
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accepted the glacial theory, were not wholly 
conversant with the mode of action of glaciers, 
tiiat, in passing through the bottom of a valley, 
for instance, the glacier would take up large 
boulders, and, carrying them along with it, 
would push them up such a slope and deposit 
them on its summit. It is true that large 
boulders may sometimes be iound in front of 
glaciers among the materials of their, terminal 
moraines, and may upon any advance of the 
glacier be pushed forward by it. But I know 
of no example of erratic boulders being car^ 
ried to considerable distances and raised from 
lower to higher levels by t this means. All 
the angular boulders perched upon prominent 
rocks must have fallen upqn the surface of 
the glacier in the upper part of its course, 
where rocky ledges rise above its surface and 
send down their broken fragments. The sur- 
face of any boulder carried under the ice, or 
pushed along for any distance at its terminus, 
would show the friction and .pressure to which 
it had been subjected. In this connection it 
should be remembered that in the case of 
large glaciers low hills form no obstacle to 
their onward progress, especially when the 
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glacier is thick enough to cover them coin- 
pletely, and even to rise far above them. The 
roches moutonnSes about the Grimsel show that 
hills many hundred feet high have been passed 
over by the great glacier of the Aar, when it 
descended as far as Meyringen, without having 
seemingly influenced its onward progress. 

In enumerating the evidences of glacier ac- 
tion, we have to remember not only the effects 
produced upon tlie surface of the ground by 
the ice itself, but also the deposits it has left 
behind it. The loose materials scattered over 
the face of the earth may point as distinctly 
to the source of their distribution as does the 
character of the rocky surfaces on which they 
rest indicate the different causes of abrasion. 
In characteristic localities the loose materials 
deposited by glaciers may readily be recog- 
nized at first sight, and distinguished from 
water-worn pebbles ; nor is it difficult to dis- 
tmguish both from loose materiais resulting 
from the decomposition of rocks on the spot, 
— the latter always agreeing with the rocks on 
which they rest, while the decomposition to 
which they owe their separation from the solid 
rock is often still going on. Such debris are 
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found everjrwhere about disintegrating rocks, 
and they constantly mingle with the loose 
fragments brought from a distance by various 
agencies. They are found upon and among 
the glacier-worn pebbles, especially where the 
latter have themselyes been disturbed since 
their accumulation. They are also found among 
water-worn pebbles, wherever the rocky beds 
of our rivers or the rocky bluffs of our sea- 
shores crumble down. In investigating the 
character of loose materials transported from 
greater or less distances, either by the agency 
of glaciers or by water-currents, it is im- 
portant at the very outset to discriminate 
between these deposits of older date and the 
local accessions mingling with them. 

Occasionally we may have also to distin- 
guish between all these deposits and the debris 
brought down by land-slides, or by sudden 
freshets transporting to a distance a vast 
amount of loose materials which are neither 
ice-worn nor water-worn. At Rossberg, for 
instance, in the Canton of Schwitz, the land- 
slide which buried the village of Goldau under 
a terrific avalanche, and filled a part of the 
Lake of Lauertz, spread an immense number 
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of huge boulders across the valley, some of. 
which even rolled up the opposite side to a 
considerable height. Many of these boulders 
might easily be mistaken for erratic boulders, 
were not the aggregate of these loose mate- 
rials traceable to the hills from which they 
descended. In this case water had no part in 
loosening or bringing down this mass of frag- 
ments. They simply rolled from the declivi^, 
and stopped when they had exhausted the mo» 
mentum imparted to them by their weight. 
In the case of the dSbdcle of Bagnes, above 
Martigny, in a valley leading to the St. Ber^ 
nard, the circumstances were very different. 
A glacier, advancing beyond its usual limits 
and rising against the opposite mountain-slope, 
dammed up the waters of the torrent and 
caused a lake to be formed. The obstruction 
gave way in the course of time, and the waters 
of the lake rushed out, carrying along with 
them huge boulders and a mass of loose mate- 
rials of all sorts, and scattering them over the 
plain below. Such an accumulation of dSbHs 
differs from the pebbles and loose fragments 
found in river-beds. The comparatively short 

distance over which they are carried, and the 
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suddenness of the transportation, allow no 
time for the abrasion which produces the 
smooth surfaces of water-worn pebbles or the 
polished and scratched surfaces of glacier-worn 
ones. In the latter case, we have seen that 
the pebbles, being so set in the ice as to 
expose only one side, may be only partially 
polished, while others, more loosely held and 
turning in their sockets, may receive the same 
high polish on every side. In such a case 
the lines will intersect one another, in conse- 
quence of the different position in which the 
stone has been held at different times. No 
such appearances exist in the water-worn peb- 
bles; their blunt surfaces, smoothed and 
rounded uniformly by the action of the water 
in which they have been rolled or tossed 
about, present everywhere the same aspect. 

The correlation between these different loose 
materials and the position in which they are 
found helps us also to detect their origin. 
The loose materials bearing glacier-marks are 
always found resting upon surfaces which have 
been worn, abraded, and engraved in the same 
manner, while the water-worn pebbles are 
everywhere found resting upon rooks the abra^ 
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sion of which may be traced to water. It is 
true that in some localities, as, for instance, 
in the gravel-pit of Mount Auburn, near Cam- 
bridge, large masses of glacier-worn pebbles 
alternate with beach shingle ; but it is easy to 
show that there was here a glacier advancing 
into the sea, crowding its front moraine and 
the materials carried under it over and into 
the shingle washed up by the waves upon the 
beach. Not infrequently also, river-pebbles 
may be found among glacial materials. This 
is especially the case where, after the disap- 
pearance of large glaciers, rivers have occupied 
their beds. Examples of this kind may be 
seen in all the valleys of the Alps. 

But, besides the special character of the 
individual fragments, the true origin of any 
accumulation of gfetcier-rf^frm, commonly called 
drift, may be detected by the total absence 
of stratification, so essential a feature in all 
water deposits. This absence of stratification 
throughout its mass is, after all, the great 
and important characteristic of the drift ; and 
though I have alluded to it before, I reiterate 
it here, as that which distinguishes it from 
all like accumtilations under water. I inay be 
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pardoned for dwelling upon this point, because 
the great controversy among geologists respect- 
ing the nature and origin of the sheet of loose 
materials scattered over a great part of the 
globe turns upon it. The debris of which the 
drift consists are thrown together pell-mell, 
without any arrangement according to size or 
weight, larger and smaller fragments being 
mixed so indiscriminately that the heaviest 
materials may be on the very summit of the 
mass, and the lightest at the bottom in imme- 
diate contact with the underlying rock, or the 
larger pieces may stand at any level in the 
mass of finer ones. Impalpable powder, coarse 
sand, rounded, polished, and scratched frag- 
ments of every size, are mixed together in a 
homogeneous paste, in which the larger mate- 
rials are imbedded, to use a homely but ex- 
pressive comparison, like raisins and currants 
in a pudding. The adhesive paste holding all 
these fragments together is, no doubt, the re- 
sult of the friction to which the whole was 
subjected under the glacier, and which has 
worked some of the softer materials into a 
kind: of cement. 
, The mode of aggregation of water-worn ma- 
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terials is very different. Examine the shingle 
along our beaches ; we find it so distributed as 
to show that the fading tide-wave has carried 
the lighter materials farther than the heavier 
ones, and the successive deposits exliibit an 
imperfect cross-stratification resulting from 
changes in the height of the tide and the dir 
rection of the wind. Moreover, in any mate- 
rials collected under water we find the heavier 
ones at the bottom, the lighter on the top. It 
is true that large angular boulders may occa- 
sionally be found resting upon beach-shingle, 
but their presence in such a connection is 
easily explained. They may have been dropped 
there by floating icebergs, or have fallen from 
crumbling drift-cliffs. 

I should add, in speaking of drift-materials, 
that, while we find the large angular boulders 
resting above them, we occasionally find boul- 
ders of unusual size mingled with them ; but, 
when this is the case, such massive fragments 
are more or less rounded, polished, and marked 
in the same way as the smaller pebbles, or as 
the surfaceft over which the glacier has passed. 
This is important to remember, because, when 
we examine the drift in countries where the 
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ice, during the glacier-period, overtopped nearly 
all the mountains, so that few fragments could 
fall from them upon its surface, we find scarcely 
any angular boulders, while the drift is inter- 
spersed with larger fragments of this charac- 
ter, carried under the ice, instead of on its 
back. Another distinction between water- 
worn deposits and drift consists in the fact 
that the former are washed clean, while the 
latter always retains the mud gathered during 
its journey and spread throughout its mass. 

In summing up the glacial evidences, I must 
not omit the moraines, though I have described 
them so fully in a previous chapter that I need 
not do more than allude to them here ; but any 
argument for the glacial theory which did not 
include these characteristic walls erected by 
glaciers would be most imperfect. We need 
hardly discuss the theory of currents with 
reference to the formation of terminal mo- 
raines, extending across the valleys from side 
to side. Any current powerful enough to 
bring the boulders and dSbris of all sorts of 
which these walls are composed to the places 
where they are found would certainly not build 
them up with such regularity 9 but would sweep 
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them away or scatter them along the bottom 
of the valley. That this is actually the case is 
seen in the lower course of the valley of the 
Rhone, where there are no transverse moraines, 
while they are frequent and undisturbed in the 
upper part of the valley. This is no doubt 
owing to thie fact, that, when the main glacier 
had already retreated considerably up the val- 
ley, the lateral glaciers from the chains of the 
Combin and the Diablerets still reached the 
valley of the Rhone at a lower point, and 
barred the outlet of the waters from the gla- 
ciers above. A lake was thus formed, which, 
when the lower glaciers retreated up the lateral 
valleys, swept away all the lower transverse 
moraines, and formed the flat bottom of Mar- 
tigny. In this case, the moraines were totally 
obliterated ; but there are many other instances 
in which the materials liave been only broken 
up and scattered over a wider surface by cur- 
rents. In such remodelled moraines, the gla- 
cier-mud has, of course, been more or less 
washed away. We have here a blending of the 
action of water with that of tlie glacier ; and, 
indeed, how could it be otherwise, when the 
colossal glaciers of past ages gradually disi^ 
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peaxed or retreated to the mountain-heights? 
The wasting ice must have occasioned immense 
freshets, the action of which we shall trace 
hereafter, when examining the formation of 
our drift-ponds, of our river-beds and estuaries, 
as well as the river-terraces standing far above 
the present water level. 

And now, if it be asked how much of this 
evidence for the former existence of glaciers is 
to be found in Great Britain, I answer, that 
there is not a valley in Switzerland where all 
these traces are found in greater perfection 
than in the valleys of the Scotch Highlands, 
or of the mountains of Ireland and Wales, 
or of the lake-region in England. Not a Hnk 
is wanting to the chain. Polished surfaces, 
traversed by striae, grooves, and furrows, with 
a sheet of drift resting immediately upon them, 
extend throughout the realm, — the roches 
motUonnSes raise their rounded backs from the 
ground there as in Switzerland, — transverse 
moraines bar their valleys and lateral ones bor- 
der them, and the boulders from the hillsides 
are scattered over the plains as thickly as 
between the Alps and the Jura, and are here 
and there perched upon the summits of isolated 
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hills. This being the case, let us examine a 
little more closely the local phenomena con- 
nected with the ancient extension of glaciers 
in this region, and especially the parallel roads 
of Glen Roy. 

Among the Grampian Hills, a little to the 
northeast of Ben Nevis, lies the valley of Glen 
Roy, a winding valley trending in a northeast- 
erly direction, and some ten miles in length. 
Across the mouth of this valley, at right angles 
with it, runs the valley of Glen Spean, trend- 
ing from east to west, Glen Roy thus opening 
directly at its southern extremity into Glen 
Spean. Around the walls of the Glen Roy 
valley run three terraces, one above the other, 
at different heights, like so many roads artifi- 
cially cut in the sides of the valley, and indeed 
they go by the name of the " parallel roads." 
These three terraces, though in a less perfect 
state of preservation, are repeated for a short 
distance at exactly the same levels on the 
southern wall of the valley of Glen Spean, just 
opposite the opening of the Glen Roy valley ; 
that is, they make the whole circuit of Glen 
Roy, stop abruptly, on both sides, at its south- 
ern extremity, and reappear again on tjiie oyr 

a* 
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poBite "wall of Glen Spean. I Bliould add, hotr- 
ever, that all three do not come to this suddeo 
termiuation; for the lowest of these terraces 




tarns eastward intA the valley of Glen Spean, 
following the whole curve of the eastern half 
of the vallej, whiter, of the two i^iper. terraces. 
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there is no trace whatever, nor is there any 
indication that either of the three ever existed 
in the western half of the valley. When I first 
visited the region, these phenomena had already 
been the subject of earnest discussion among 
English geolopsts. The commonly accepted 
explanation of the facts was that these terraces 
marked ancient sea-levels at a time when the 
ocean penetrated much farther into the interior, 
and Glen Roy and the adjoining valleys were 
as many fiords or estuaries. Though the pres- 
ent elevation of the locality made such an in- 
terpretation improbable at first sight, the first 
or highest of the terraces being eleven hundred 
and forty-four feet above the present sea-level, 
the second eighty-two feet below the first, and 
the third and lowest two hundred and twelve* 
feet below the second, or eight hundred odd 
feet above the level of the sea, it was thought 
that the oscillations of the land, its alternate 
subsidences and upheavals, proved by the mod- 
ern results of geology to have been iso great 
and so frequent, might account even for so 
remarkable a change. There are, however, 
other objections to this theory not so easily 
explained away. There are no traces of or- 
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ganic life upon these terraces, li they were 
ancient sea-beaches, we should expect to find 
upon them the remains of marine animals, 
shells, Crustacea, and the like. All the ex- 
planations given to lessen the significance of 
this absence of organic remains Bxer futile. 
Again, why should the lower terrace alone be 
continued into the eastern end of the valley of 
Glen Spean, while there are no terraces at all 
in its western part, since both must have been 
as fully open to the sea as Glen Roy valley 
itself? This seemed the more inexplicable 
since all the terraces exist on the valley-wall 
opposite the outlet of Glen Roy, showing that 
this sheet of water, wherever it came from, 
filled the valley itself and the space between it 
and the southern wall of Glen Spean, but failed 
to spread, on either side of that space, into the 
eastern and western extension of Glen Spean. 
It is evident, that, at the time the water filled 
Glen Roy, some obstruction blocked the valley 
of Glen Spean, both to the east and west, 
leaving, however, that space in the centre free 
into which Glen Roy opens, while, by the time 
the water had sunk to the level of the lowest 
terrace, one of these barriers, that to the east, 
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must have been removed, for the lowest ter- 
race, as I have said, is continuous throughout 
the eastern part of Glen Spean.* 

* Having enumerated the characteristic features of the 
glacial phenomena in the preceding pages, I throw into this 
note some explanations which may render my views of the 
parallel roads more intelligible, not to interrupt again the 
exposition with details. It would be desirable, however, that 
the reader should first make himself thoroughly familiar ¥dth 
the localities concerned before proceeding any further. The 
woodcut on page 58 is taken from a small map, accompanying 
a paper of mine upon " The Glacial Theory and its Recent 
Progress," printed in the ** Edinburgh New Philosophical 
Journal " for October, 1842. G. R. indicates the valley of 
Glen Roy, with the three parallel roads marked 1, 2, 3. Glen 
Spean is designated by G. S., and the river flowing at its 
bottom by S. Loch Laggan, out of which the river Spean 
rises, is marked L. G. indicates Glen Gloy, a little valley 
to the northwest of Glen Roy, with a single teiTace. Loch 
Treig is designated by T., Loch Lochy by L. 0., Loch Ark- 
eig by A., and Moeldhu Hill by M., while E. indicates Loch 
Eil. The Great Glen of Scotland, through which the Cale- 
donian Canal runs, extends in the direction of L. 0. and E, 
The position of Ben Nevis is designated by N. The dotted 
area between N. and M. marks the place occupied by the 
great glacier of Ben Nevis, when it extended as far as Moel- 
dhu ; while the close continuous lines in front of Loch Treig 
indicate the direction of the glacial scratches left across Glen 
Spean by the glacier of Loch Treig, when it extended as far 
AS the eastern termination of the two upper terraces. It 
ought to be remembered, in this connection, that the bottom 
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Prepossessed as I was with the idea of 
glacial agency in times anterior to ours, these 

of the valley of the Spean, as well as that of Glen Roy, is 
occupied by loose materials, partly drift, that is, materials 
acted upon by glaciers, and partly decomposed fragments of 
rocks brought down by the torrents, greatly impeding the 
observation of the polished surfaces. The river-bed is cut 
through this deposit, and here and there through the under- 
lying rock. Besides the parallel roads, there are also peculiar 
accumulations of loose materials in Glen Roy and Glen Spean, 
more particularly connected with the lowest terrace, which 
Mr. Darwin and Professor Jamieson have shown to be little 
deltas formed during the existence of the lake of Glen Roy at 
the bottom of the gullies intersecting the shelves of the upper 
roads. The outlet for the water at the period during which 
the second terrace was formed, not known when I visited 
Glen Roy, has been discovered by Mr. Milne-Holme, and 
also observed by Professor Jamieson. During the formation 
of the upper terrace the waters escaped through the western- 
most tributary of the river Spean, in the direction of the 
northeast comer of the woodcut, and during that of the 
lowest terrace, at the eastern end of Loch Laggan, also 
through the valley of the Spean. The state of preservation 
of the parallel roads is such as to prove that no disturbance 
of any importance can have taken place in the country since 
they were formed. Far from believing, therefore, that these 
remarkable shelves are ancient sea-beaches, I am prepared to 
maintain that, had the area occupied by them been sub- 
merged only for a few days, under an ocean rising and falling 
for several feet with every tide, no vestige would have been 
left of their former existence. 
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phenomena appeared to me. under a new as- 
pect. I found the bottom of Glen Spean so 
woirn by glacial action as to leave no doubt 
in my mind that it must have been the bed 
of a great glacier, and Dr. Buckland fully con* 
curred with me in this impression. Indeed, 
tlie face of the country throughout that region 
presents not only the glacier-marks in great 
perfection, but other evidences of the ancient 
presence of glaciers. There are moraines at 
the lower end of Glen Spean, remodelled, it 
is true, by the action of currents, but still 
retaiiiing enough of their ancient character to 
be easily recognized ; and some of the finest 
examples of the roches moutonnSes I have seen 
in, Scotland are to be found at the entrance 
of ithe valley of Loch Treig, a lateral valley 
opjening into Glen Spean on its southern side, 
and, as we shall see hereafter, intimately con- 
nected with the history of the parallel roads 
of. Glen Roy. These roches moutonnSes may 
very fairly be compared with those of the 
Grimsel, and exhibit all the characteristic fea- 
tures of the Alpine ones. One of them, lying 
on the western side of the valley where it opens 
into Glen Spean, is crossed by a >trap-dike« 
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The general surface of the hill, consisting of 
rather soft mica, has been slightly worn down 
by atmospheric agencies/ so that the dike 
stands out some three quarters of an inch 
above it. On the dike, however, the glacier- 
marks extend for its whole length in great 
perfection, while they have entirely disappeared 
from the surrounding surfaces, so as to leave 
the dike thus standing out in full relief. This 
is an instructive case, showing how little dis- 
integration has gone on since the drift-period. 
All the currents that have swept over it, all the 
rains that have beaten upon it, have not worn 
away one inch from the original surface of the 
hill. I have observed many other roches mour 
tonnees in Scotland, especially about the neigh- 
borhood of Loch Awe, Loch Pyne, and Loch 
Etive. In fact, they may be found in almost all 
the glens of Scotland, in the lake-region of Eng- 
land, and in the valleys of Wales and Ireland. 
Following the glacial indications wherever 
we. could find them in the country about Glen 
Roy, it became evident to me that the whole 
western range of the Grampian Hills had once 
been a great centre of glaciers, that they had 
come down toward Glen Spean through all the 
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valleys on the mountain-slopes to the north 
and south of it, so that this valley had be- 
come, as it were, the great drainage-bed for 
the masses of ice thus poured into it laterally, 
and moving down the valley from east to west 
as one immense glacier. It is natural to sup- 
pose that, at the breaking-up of the great 
sheet of ice which, if my view of the case is 
correct, must have covered the whole country 
at this time, the ice would yield more readily 
in a valley like that of Glen Roy, lying open 
to the south and receiving the full force; of the 
sun, than in those on the opposite side of Glen 
Spean, opening to the north. At all events, it 
is evident that at some time posterior to this 
universal glacial period, when the ice began to 
retreat. Glen Roy became the basin of a glacial 
lake such as we now find in the Alps of Swit- 
zerland, where occasionally a closed valley be- 
comes a trough, as it were, into which the 
water from the surrounding hills is drained. 
In such a lake no animals are found, such as 
exist in any other sheet of fresh water, and this 
would account for the absence of any organic 
remains on the terraces of Glen Roy. But at 
first sight it seemed that this theory was open 
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in one respect to the same objection as the 
other. What prevented this sheet of water 
from spreading east and west in Glen Spean ? 
K it not only filled Glen Roy, but extended to 
the southern side of Glen Spean immediately 
opposite the opening of Glen Roy, what pre- 
vented it from filling the whole of that valley 
also ? In endeavoring to answer this question, 
I f oimd the solution of the mystery. 

The bed of Glen Spean, tlirough its whole 
extent from east to west, is marked, as I have 
said, by glacial action, in rectilinear scratches 
and furrows. This westward track of the 
main glacier is crossed transversely near the 
centre of the valley by two other glacier-tracks 
cutting it at right angles. Upon tracing these 
cross-tracks carefully, I became satisfied that, 
after the surrounding ice had begun to yield, 
after the masses of ice which descended from 
the northern and southern slopes of the moun- 
tains into Glen Spean had begun to retreat, 
and to form local limited glaciers, two of those 
lateral glaciers, one coming down from Ben 
Nevis on the southwest, the other from Loch 
Treig on the southeast, extended farther than 
the others and stretched across Glen Spean. 
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These two glaciers for a long time formed bar- 
riers across the western and eastern extension 
of this valley, damming back the waters which 
filled Glen R07 and the central part of Glen 
Spean. 

Evidently the glacier descending from Loch 
Treig was the first to yield, for, by the time 
the Glen Roy lake had sunk to the level of the 
lowest terrace, the entrance to the eastern 
extension of the valley must have been free, 
otherwise the water could not have spread 
throughout that basin as we find it did ; but 
it would seem that by the time the western 
barrier, or the glacier from Ben Nevis, was 
removed, the sheet of water was too far re- 
duced to have left permanent marks of its 
outflow into the Great Glen, except by disturb- 
ing and remodelling the large moraines of the 
older Glen Spean glacier. There are faint in- 
dications of other terraces in Glen Roy, even 
at a higher level than the uppermost parallel 
road, owing their origin probably to the short 
duration of a higher level of the glacier-lake, 
when the great general glacier had not yet 
been lowered to a more permanent level deter- 
mined by a limited circumscription within the 
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walls of the yalleys. There are other terraces 
in neighboring valleys at still different levels, 
— in Glen Gloy, for instance, where the one 
horizontal road was no doubt formed in conse- 
quence of the damming of the valley by a glacier 
from Loch Arkeig. Mr. Darwin has seen 
another in Glen Kinfillen, which I would ex- 
plain by the presence of a glacier in the Great 
Glen, the marks of which are particularly dis- 
tinct about the eastern end of Glen Garry. 

The evidence of the ancient presence of 
glaciers is no less striking in other parts of 
the Scotch Highlands. Between the south- 
eastern range of the Grampian Hills, in For- 
farshire and Perthshire, and the opposite ridge 
of Sidlaw Hills, stretches the broad valley of 
Strathmore. At the time when Glen Spean 
received the masses of ice from the slopes of 
the western Grampian range, the glaciers de- 
scended from the valleys on the southern slope 
of the southeastern range and from those on 
the northern slope of Sidlaw Hills into the 
capacious bed of the valley which divides them. 
The glacial phenomena of this region present a 
striking resemblance in their general relations 
to those of the Alps and the Jura. The Gram- 
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pian range on the northern side of Strathmore 
valley occupies the same position in reference 
to that of the Sidlaw Hills opposite, as does 
the range of the Alps to that of the Jura, 
while the intervening valley may be compared 
to the plain of Switzerland. As from the 
Bernese Oberland and from the valleys of the 
Reuss and Limmath gigantic glaciers came 
down and stretched across the plain of Swit- 
zerland to the Jura, scattering their erratic 
'boulders over its summit and upon its slopes 
at the time of their greater extension, and, as 
they withdrew into the higher Alpine valleys, 
leaving them along their retreating track at 
the foot of the Jura and over the whole plain, 
so did the glaciers from Glen Prossen and 
parallel valleys on the Grampian Mountains 
extend across the valley of Strathmore, drop- 
ping their boulders not only on the slopes and 
along the base of the Sidlaw Hills, but scatter- 
ing them in their retreat throughout the valley, 
until they were themselves reduced to isolated 
glaciers in the higher valleys. At the same 
time other glaciers came down from the heights 
of Schihallion on the west, and, descending 
through the valley of the Tay, joined the 
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great maases of ice in the valley of Strath- 
more, thus combining with the eastern ice- 
field, jnst as the glacier from Mont Blanc 
and the valley of the Rhone formerly combined 
in the western part of Switzerland with those 
of the Bernese Oberland. The relations are 
identical, though the geographical position is 
reversed, — the higher range, or the Grampian 
Hills, lying to the north in Scotland, and the 
lower one, or the Sidlaw Hills, to the south, 
while in Switzerland, on the contrary, the 
higher range lies to the south and the lower 
to the north. I have alluded especially to 
Glen Prossen because the glacial marks in 
that valley are remarkably distinct, the whole 
bed of the valley being scratched, pohshed, 
and furrowed by the great rasp which has 
moved over it, while the concentric moraines 
at its lower extremity are very striking. But 
these signs, so perfectly preserved in Glen 

in all the corresponding valleys, leaving no 
doubt that the same phenomena existed over 
the whole region. 

Among the localities of Scotland where the 
indications of glacial action are most marked 
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is the region about Stirling. Near Stirling 
Castle the polished surfaces of the rocks with 
their distinct grooves and scratches show us 
the path followed by the ice as it moved down 
in a northeasterly direction toward the Frith 
of Forth from the mountains on the north- 
west. To the west of Edinburgh, also, there 
is a broad glacier track, showing that here also 
the ice was ploughing its way eastward to find 
an outlet on the shore. 

The western slope of the great Scotch range 
is no less remarkable for its glacier-traces. 
The heads of Loch Long, Loch Fyne, Loch 
Awe, and Loch Leven everywhere show upon 
their margins the most distinct glacial polish 
and furrows, wliile from the trend of these 
marks and the distribution of the moraines, 
especially about Ben Cruachan, it is obvious 
that in this part of the country the glaciers 
moved westward and southward. About Aber- 
deen, on the contrary, they moved eastward, 
while in the vicinity of Elgin they advanced 
toward the north. 

It thus appears that the whole range of the 
Grampians formed a great centre for the dis- 
tribution of glaciers, and that a colossal ice- 
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field spread itself over the whole country, ex- 
tending in every direction toward the lower 
lands and the sea-shore. As the glaciers 
which now descend through all the valleys of 
the Alps, along their northern as well as their 
southern slopes, and in their eastern as well as 
their western prolongation, though limited, in 
our days, within the valley-walls, nevertheless 
once covered the plain of Switzerland and that 
of Northern Italy, so did the ice-fields of the 
Grampians during the greatest extension of 
the Scotch glaciers spread over the whole 
country. They also were, in course of time, 
reduced to local glaciers, circumscribed within 
the higher valleys of the more mountainous 
parts of the country, imtil they totally disap- 
peared, as those of Switzerland would also 
have done, had it not been for the greater 
elevation of that country above the level of the 
sea. Scotland nowhere rises above the pres- 
ent level of perpetual snow, while in Switzer- 
land the whole Alpine range has an altitude 
favorable to the preservation of glaciers. In 
the range of the Jura, however, which had at 
one time its local glaciers also, but which 
nowhere now rises above the line of perpetual 
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snow, they have disappeared as completely as 
in the Grampian Hills. 

It would lead me too far, were I to give here 
a special account of all the investigations I 
made in 1840 upon the distribution of glaciers 
in Great Britain. I will therefore only point 
out a few of the more distinct areas of distri- 
bution. The region surrounding Ben Wyvis 
formed such a centre of dispersion from which 
glaciers radiated, and we have another in the 
Pentland Hills about Edinburgh. In Nor- 
thumberland, the Cheviot Hills present a gla- 
cial centre of the same kind, and in the West- 
moreland Hills we have still another. In the 
last-named locality, the glacial tracks can be 
followed in various directions, some of them 
descending toward the northwest from the 
heights of Helvellyn, others moving southward 
toward Ambleside. In Wales the same kind 
of glacial distribution has been observed ; but, 
as Professor Ramsay has treated this subject 
in full, I would refer my readers to his mas- 
terly work for a further account of the ancient 
Welch glaciers. In Ireland I had also oppor- 
tunities of making extensive local investiga- 
tions of glacial action. I observed the centres 
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v4 ^Utvibution in the neighborhood of Belfast, 
\\\ X\\^ county of Wicklow, and in Gavan. 

Nuwliere are these phenomena more striking 
th^u in Fermanagh County about the neigh- 
borhood of EnniskiUen, and more especially in 
the immediate vicinity of Florence Court, the 
seat of the Earl of EnniskiUen. On the north- 
ern slope of Ben Calcagh are five valleys lying 
parallel with each other and opening into the 
valley of Loch Nilly, which runs from east to 
west at the base of the mountain. A road 
now passes through this valley, and where it 
crosses the mouth of either of the five valleys 
rising towards the mountain-slope, it cuts 
alternately through the two horns of a cres- 
oeut^haped wall which bars the lower end of 
every one of them. These crescent-shaped 
mounds are so many terminal moraines, built 
wp by the five glaciers formerly descending 
through these lateral valleys into the valley of 
Loch Nilly. They bore the same relation to 
each other as the glaciers De Tour and D'Ar- 
gentidre, the Glacier des Bois with the Mer 
de Glace, the Glacier des Bossons and the Gla- 
cier de Taconet, now bear to each other in 
the valley of Chamouni. Were it not for the 
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smaller dimensions of the whole, any one fa- 
miliar with the tracks of ancient glaciers 
might easily fancy himself crossing the ancient 
moraines at the foot of the northern slope of 
the range of Mont Blanc, through which the 
Arve has cut its channel, the vaUey of Cha- 
mouni standing in the same relation to Mont 
Blanc as the valley of Loch NiUy does to Ben 
Calcagh* 

I have dwelt thus at length on the glaciers 
of Great Britain because they have been the 
subject of my personal investigations. But 
the Scotch Highlands and the mountains 
of Wales and Ireland are but a few of the 
many centres of glacial distribution in Europe. 
From the Scandinavian Alps glaciers descend- 
ed also to the shores of the Northern Ocean 
and the Baltic Sea. There is not a fiord of 
the Norway shore that does not bear upon its 
sides the tracks of the great masses of ice 
which once forced their way through it, and 
thus found an outlet into the sea, as in Scot- 
land. Indeed, imder the water, as far as it is 
possible to follow them through the transpar- 
ent medium, I have noticed in Great Britain 
and in the United States the same traces of 



4 



76 THE PARALLEL BOADS OF GLEN ROT. 

glacial action as higher up, so that these an- 
cient glaciers must have extended not only to 
the sea-shore, hut into the ocean, as they do 
now in Greenland. Nor is this all. Scandi- 
navian boulders, scattered upon English soil 
and over the plains of Northern Germany, tell 
us that not only the Baltic Sea, but the Ger- 
man Ocean also, was bridged across by ice on 
which these masses of rock were transported. 
In short, over the whole of Northern Europe, 
from the Arctic Ocean to the northern bor- 
ders of its southern promontories, we find all 
the usual indications of glacial action, showing 
that a continuous sheet of ice once spread over 
nearly the whole continent, while from all the 
mountain-ranges descended those more limited 
glacial tracks terminating frequently in trans- 
verse moraines across the valleys, showing, 
that, as the general ice-sheet broke up and 
contracted into local glaciers, every cluster or 
chain of hills became a centre of glacial dis- 
persion, such as the Alps are now, such as the 
Jura, the Highlands of Scotland, the moun- 
tains of Wales and Ireland, the Alps of Scan- 
dinavia, the Hartz, the Black Forest, the Vos- 
ges, and many others have been in ancient 
times. 
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IN the autumn of 1846, six years after my 
visit to Great Britain in search of glaciers, 
I sailed for America. When the steamer 
stopped at Halifax, eager to set foot on the 
new continent so full of promise for me, I 
sprang on shore and started at a brisk pace for 
the heights above the landing. On the first 
undisturbed ground, after leaving the town, I 
was met by the familiar signs, the polished 
surfaces, the furrows and scratches, the line- 
engraving' of the glacier, so well known in the 
Old World ; and I became convinced of what I 
had already anticipated as the logical sequence 
of my previous investigations, that here also 
this great agent had been at work, although it 
was only after a long residence in America, 
and repeated investigations of the glacial phe- 
nomena in various parts of the coimtry, that I 
fully understood the universality of its action. 
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A detailed description of these appearances 
could hardly be more than a monotonous repe- 
tition of my statements respecting their exist- 
ence in other regions ; but the peculiar config- 
uration of this continent, as compared with the 
more mountainous countries of Europe and 
Asia, has led to some modifications of the 
same phenomena here, worthy of special notice. 
Thus far, the traces of ancient glaciers in 
America have been studied only east ol the 
Bocky MountainB ; little is known of the gla- 
ciers still remaining in the high mountain- 
ranges dividing the eastern part of the conti- 
nent from California, still less respecting any 
indications of their former extension. There 
can be little doubt that such traces exist, and 
as soon as the so-called parks between Pike's 
Peak and Long Peak are explored, we may 
tope for information on this point. Indeed, 
the investigation may be spoken of as already 
undertaken ; for among the exploring parties 
now on their way to that region are some 
intelligent observers, who will not fail to make 
this point a subject of special study. But it 
is well known that the usual characteristic 
imrks of glaciers extend over the whole sur- 
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face of the land in the eastern half of the 
continent, from the Atlantic shores to the 
States west of the Mississippi, and from the 
Arctic Sea to the latitude of the Ohio, in its 
middle course, while within the range of the 
Alleghanies they stretch as far south as Geoi^ 
gia and Alabama. In no other region where 
these traces have been observed do they extend 
over such wide tracts of country in unbroken 
continuity, this being of course owing to the 
level character of the land itself. 

The continent of North America, east of the 
Bocky Mountains, is, indeed, an immense uni- 
form plain, intersected from east to west only 
by the ranges of low hills running in the 
direction of the St. Lawrence and the Cana- 
dian lakes, and from northeast to southwest 
by the Alleghany range stretching from Ala- 
bama to New England, where it trends towards 
the Canadian Hills in the ridges known as 
the Green and White Mountains. This coast- 
range has a short slope towards the Atlantic, 
and a long one in the direction of the great 
Mississippi Valley. With the exception of 
some higher points of the Alleghany range, 
the surface of this whole plain is glacier-wora 
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from the Arctic regions to about the fortieth 
degree of northern latitude, the glacier-marks 
trending from north to south, with occasional 
slight inclinations to the east or west, accord- 
ing to the minor inequalities of the surface. 
There is, however, no decided modification of 
their general trend in consequence of the range 
of hills intersecting them at right angles for 
nearly the whole width of the continent be- 
tween latitudes forty-sisc and fifty ; indeed, the 
Canadian, or, as they are sometimes called, 
tlie Laurentian Hills, did not form a more 
powerful barrier to the onward progress of the 
immense fields of ice covering the continent 
than did the small hummocks, or roches mou- 
tonnSes, in the Swiss valleys to the advance of 
the Alpine glaciers. In fact, these low hills 
may be considered as a succession of roches 
moutonnSes trending in a continuous ridge 
from east to west, over which the masses of 
northern ice have moved unimpeded to the 
latitude of the Ohio. 

Owing to the absence of high mountain- 
ranges over this vast expanse of land, the 
glacial phenomena of America are not grouped 
about special centres of dispersion, radiating 
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from them as in Earope. During the greatest 
extension of the ice-fields, there were hut few 
prominent peaks rising ahove them, and drop- 
ping here and there huge boulders on their 
surface, to he transported to great distances 
witliout losing their rough angular character. 
When tlie temperature under which these vast 
frozen masses Iiad been formed rose again, the 
wasting ice must have yielded first on its 
BOutbecD boundary, gradually and uniformly 
retreating to the Arctic regions, without break- 
ing up into distinct glacial regions, separated 
from one another, each with its local distri- 
bution of erratic boulders and glacier-marks 
radiating from circumscribed areas on higher 
levels as they occur everywhere in Europe, It 
is true that there are a few localities within 
the Alleghany range, on the Green and White 
Mountains, and in parts of Maine, where it is 
evident tliat local glaciers have had a tempo- 
rary existence ; but even throughout this east- 
ern coast-range the elevation of the mountains 
is so slight, and their trend so uniform in 
a northeasterly and southwesterly direction 
through twenty degrees of latitude, that the 
localization of the phenomena is less marked 
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than in Norway, Oreat Britain, or Switzerland. 
In short, the ice of the great glacial period in 
America moved over the continent as one con- 
tinuous sheet, overriding nearly all the ine- 
qualities of the surface. Thus the peculiar 
physical character of the country gives a new 
aspect to the study of glacial evidences here. 
The polished surfaces stretch continuously 
over hundreds and hundreds of miles; the 
rectilinear scratches, grooves, and furrows are 
unbroken for great distances ; the drift spreads 
in one vast sheet over the whole land, con- 
sisting of an indiscriminate medley of clays, 
sands, gravels, pebbles, boulders of all dimen- 
sions, so uniformly mixed together that it 
presents hardly any difference in its composi- 
tion, whether we examine it in New England, 
New York, Pennsylvania, Ohio, Michigan, In- 
diana, Illinois, Wisconsin, in Iowa beyond the 
Mississippi, in the more northern Territories, 
or in Canada. 

In Europe, boulders of large dimensions do 
not often occur within the drift, but are 
usually resting above it with their sharp angles 
and rough surfaces imchanged, having trav- 
elled evidently upon the glacier and not under 
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it. But such large boulders, polished and 
scratched like the smaller pebbles, are to be 
found everywhere imbedded in American drift, 
while the angular fragments of rock resting 
above these triturated masses are comparative- 
ly rare.* It is evident from this that the ice 

* The greater proportion of large, rounded boulders in the 
American drift, as compared with the European, is a singu- 
lar fact not fully met by the above explanation ; since, while 
the number of mountain-peaks rising above the ice in Europe 
would account for the frequency of large, angular fragments 
transported upon its surface, there would seem to be no 
reason why the drift, carried along by a mass of ice having 
the same thickness in both continents, should not contain as 
many rounded masses in one as in the other. The facts, 
however, are as I have stated them, and the difiference may 
be due partly to the broken character of the ground over 
which the drift must have passed in Europe, subjecting it 
to a more violent process of friction and grinding than in 
America, and partly to the use that has been made of the 
drift-boulders during so many centuries for building pur- 
poses in the Old World, the drift-boulders being naturally 
taken first, because they are more easily reached, while the 
angular ones are frequently perched on almost inaccessible 
spots. Indeed, the stone fences in both countries tell us the 
use to which many of the roimded boulders have been put, 
and the ground in many parts of the United States has 
already been cleared to a great extent of its rocky fragments 
for this and like purposes. In the course of time they will, 
no doubt, disappear from the surface of this country, as they 
have done from that of Europe. 
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overtopped the rocky inequalities of the land, 
and that the detached fragments remaining 
beneath the icy covering underwent the same 
action from friction and pressure to which the 
whole mass of drift was subjected. The dis- 
tribution of the few angular boulders scattered 
over the country no doubt began when some of 
the higher portions of the land had emerged 
from the mass of snow and ice ; and they are 
most frequent in New England, where the 
mountain-elevation is greatest. 

The mineralogical character of the loose ma- 
terials forming the American drift leaves no 
doubt that the whole movement, with the ex- 
ception of a few local modifications easily ac- 
counted for by the lay of the land, was from 
north to south, all the fragments not belong- 
ing to the localities where they occur being 
readily traced to rocks in situ to the north of 
their present resting-places. The farther one 
journeys from their origin, the more extraor- j 

dinary does the presence of these boulders \ 

become. It strikes one strangely to find even 
in New England fragments of rock from the 
shores of Lake Superior; but it is still more -^ 

impressive to meet with masses of northern 
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rock on the prairies of Illinois or Iowa. One 
may follow these houlders to the fortieth de- 
gree of latitude, beyond which they become 
more and more rare, while the finer drift alone 
extends farther south. 

It is not only, however, by tracking the 
boulders back to their origin in the North that 
we ascertain the starting-point of the whole 
mass; we have another kind of evidence to 
this effect, already alluded to in the descrip- 
tion of the roches moutonnSes, Wherever the 
natural sui*face of any hill, having a steep 
southern slope, is exposed, the marks are al- 
ways found to be very distinct on the north- 
em side and entirely wanting on the southern 
one, showing that, as in the case of many of 
the roches moutonnSes in Switzerland, the 
mass moved up the northern slope, forcing its 
way against it, grinding and furrowing the 
northern face of the hill as it moved over it, 
but bridging the opposite side in its descent 
without coming into contact with it.* This 
is true, not only of hills, but of much slighter 
obstacles which presented themselves in the 

* Faller description of these polished hiUs may be found 
in my work on Lake Superior. 
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path of the ice. Even pebbles imbedded in 
masses of pudding-stone, but rising sometimes 
above the level of the general surface, often 
have their northern side polished and scratched, 
while the southern one remains untouched. 

Moraines are not wanting to complete the 
chain of evidence respecting the ancient exist- 
ence of glaciers in this country, although we 
cannot expect to find them here so frequently 
as in Europe, where the many local glaciers in 
circumscribed valleys afforded special facilities 
for the building up of these lateral and trans* 
verse walls. Over the broad expanse of the 
United States, on the contrary, with such 
slight variations of level, the disappearance of 
the ice at its breaking-up would naturally be 
more complete and continuous than in a couU'* 
try intersected by frequent mountain-chains, 
where the ice would linger in the higher val- 
leys long after it had disappeared from the 
plains below. Yet it is evident that here also 
in certain localities the boundary line of the 
ice underwent oscillations, pausing here and 
there long enough to collect mounds of the 
same character as those spanning the valleys 
of Switzerland and Great Britain. We have 
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several of these mounds in our Immediate 
vicinity. The Waverley Oaks, so well known 
to all lovers of fine trees in our community, 
stand on an ancient moraine, and there are 
others in the neighborhood of the Blue Hills. 
In the southeastern parts of Maine, also, I 
have observed very well defined moraines. In 
Vermont, the valley of the Winooski River 
retains ample traces of the local glacier by 
which it was formerly filled; and, indeed, 
throughout the Alleghany range, in its north- 
eastern as well as its southern extension, we 
have various evidences of localized glaciers, 
which must have outlived the general ice- 
period for a longer or a shorter time. 

I am unwilling to weary my readers by 
dwelling upon appearances identical with those 
already described; but I may state, for the 
guidance of those who wish to investigate 
these traces for themselves, that any recently 
uncovered ledge of rock in our neighborhood, 
the surface of which has not been altered 
by atmospheric agencies, presents the glacier- 
worn surfaces with the characteristic striae and 
furrows. These marks may be traced every- 
where, even to the sea-shore, not only down to 
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the water's edge, but beneath it, wherever the 
harder rocks have resisted the action of the 
tides and retain their original character. In 
our granitic regions intersected by innumera- 
ble trap dikes, as, for instance, at Nahant, the 
smooth surface of many of the rocks, where 
sienite and trap have been evenly levelled, 
shows that the same inexorable saw, cutting 
alike through hard and soft materials, has 
passed over them. In the hills of pudding- 
stone in the neighborhood of Roxbury we have 
quartz pebbles cut down to the same level with 
the softer paste in which they lie imbedded 
with pebbles of sandstone, clay-slate, gneiss, 
and limestone. In the limestone regions of 
Western New York and Northern Ohio, about 
the neighborhood of Buffalo and Cleveland, 
the flat surfaces of the limestone are most 
uniformly polished, furrowed, and scratched, 
the furrows often exhibiting that staccato grat- 
ing action described in a former chapter. I 
have observed the same traces in the vicinity 
of Milwaukee and Iowa City, and we know, 
from the accounts given by Arctic travellers 
of their overland expeditions, that these pe- 
culiar appearances of the surface are char- 
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acteristic of the rocks in those regions, wher- 
ever they are not disintegrating under the 
influence of the present atmospheric agents. 

Upon these surfaces, through the whole ex- 
panse of the country, rests the drift, having 
everywhere the characteristic composition of 
glacier-drift, and nowhere that of an aqueous 
stratified deposit, except when afterwards re- 
modelled by the action of water. But of this 
stratified drift I shall have occasion to speak 
more in detail hereafter. There is, however, 
one circumstance, of frequent occurrence, along 
our New England shores, requiring special 
explanation, because it is generally misunder- 
stood. Along our sea-shore, and even within 
the harbor of Boston, at the base of the har- 
bor-islands, as well as the outlet of our larger 
Atlantic streams, numbers of boulders are 
found of considerable size; and this fact is 
often adduced as showing the power of water 
to transport massive fragments of rock to 
great distances, the mineralogical character of 
these boulders being frequently such as to 
show that they cannot have originated in the 
neighborhood of their present resting-places. 
But a careful examination of the surround- 
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ing country, and a comparison of the na- 
ture and level of the drift on the mainland 
with those of the same deposits on the har- 
bor-islands, suggest a different explanation 
of these phenomena. The sheet of drift 
was once more continuous and extensive than 
it is now, and the localities in which we 
find these crops of boulders are spots where 
the tide has eaten into the drift, wearing away 
the finer materials, or the paste in which the 
larger fragments were imbedded, and allowing 
them to fall to the bottom, or where the same 
result has been produced by the action of 
rivers cutting their way through the drift, and 
thus finding an outlet to the sea. In short, 
instead of showing the power of currents to 
carry along heavy fragments, these stranded 
boulders prove, on the contrary, the inability 
of water to produce any such effect, since it 
is evident that the tides washing against the 
shore, or the rivers rushing down to the 
sea, were equally incapable of bearing off the 
weightier materials, and allowed them to drop 
to the bottom, while they readily swept away 
the lighter ones. Such localities compare with 
the surrounding drift much as the bottom of a 
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gravel-pit which has been partially worked 
compares with its banks. Look into any gravel- 
pit, a portion of which has already been carted 
away. 'At its bottom a number of larger 
stones ^nd boulders are usually lying, too 
heavy for the cart, and therefore left upon the 
spot. Fragments of the same size and charac- 
ter, and equally numerous, will be seen pro- 
truding at various heights from the sides, 
where they are imbedded in the general mass 
of the drift. As soon as the work progresses 
a little further, and the finer materials are re- 
moved, these boulders will also drop out, and 
lie as thickly scattered over the surface of the 
ground as they now do in that portion of the 
bottom" where the pit has been completely 
opened*Snd the gravel removed. We shall see 
hereaftfer how these boulders, derived from the 
land-drJfl! and scattered along the coast, may 
be distinguished from those cast ashore by 
icebergs'. 

Notwithstanding the number of facts thus 
far collected respecting glacial phenomena in 
America, certainly forming in their combina- 
tion a very strong chain of evidence, the 
scientific world has, nevertheless, been slow to 
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admit the possibility of the former existence 
of glaciers over such a wide, unbroken expanse 
of level land. This backwardness is, no doubt, 
partly due to the fact, that, as glaciers have 
hitherto been studied in mountainous coun- 
tries, their presence has been supposed to im- 
ply the presence of mountains, tliis impression 
being strengthened by the downward and on- 
ward movement of existing glaciers, so long 
supposed to be exclusively due to the slopes 
along which all modern glaciers advance. Were 
it true tliat glaciers move solely or mainly on 
account of the sloping bottom on which they 
rest, and that they can advance only on an 
inclined plane, all the phenomena concerning 
drift, polished and furrowed surfaces, boul- 
ders, etc., in America, would hardly justify us 
in assuming a moving sheet of ice as their 
cause. But we have seen that the phenomena 
of glaciers, like those of currents, are in great 
part meteorological. The Gulf Stream does 
not flow toward the English shore because the 
ocean-bottom slopes eastward; nor does the 
cold current of Baffin's Bay run down hill 
when it pours its icy waters southward upon 
our northeast coast. Their course is deter- 
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mined by laws of temperature, and so have we 
also seen that the motion of glaciers is mainly 
determined by conditions of temperature, al- 
though, in this case, an internal mechanical 
action is combined with external influences ; 
and while it is true that glaciers, as they now 
exist, are dependent upon the shape of the 
valleys in lofty mountain-chains, yet under 
different geographical conditions the same phe- 
nomena may be produced over level, open 
countries. 

I believe that circumstances similar to those 
determining the more rapid advance of the 
glaciers from higher to lower levels at that 
point where the alternate thawing and freez- 
ing, the infiltration of water and consequent 
expansion of the ice under frost, are greatest, 
would also determine the motion of a large 
body of ice from north to south, since it would 
be along its southern limits that these condi- 
tions would prevail ; while the great reservoir 
of snow at the north would correspond to the 
upper troughs of the present glaciers, from, 
which their lower ranges are constantly fed. 
The change of snow into ice is owing to alter- 
nations of temperature, to partial melting and 
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subsequent freezing, constantly renewed, — 
and also to the sinking of the mass upon itself 
in consequence of its own weight, the lower 
portions being thus forced out by the pressure 
of the superincumbent ice. Upon an inclined 
plane the movement consequent upon these 
changes will of course be downward; but 
what would be the result, if a field of snow 
many thousand feet thick, corresponding, ex- 
cept in its greater bulk, to the accumulations 
by which the present glaciers are caused, were 
stretched over an extensive level surface? 
The moisture from the upper superficial layers 
would permeate the larger mass as it now does 
the smaller one, trickling down into its lower 
portions, while the pressure from above would 
render the bottom hard and compact, chang- 
ing it gradually into ice. If this should take 
place under climatic conditions which would 
keep the whole as a mass in a frozen state, 
the pressure frcNn above would force out the 
lower ice in every direction beyond its original 
circumscription, thus enlarging the area cov- 
ered by it, while the whole would subside in 
its bulk. Let us for a moment assume that 
such an aQcumulation of snow takes place 
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around the northern and southern p()l^, stretch- 
ing thence over the northern and southern 
hemispheres to latitude forty, and that this 
field of snow acquires a thickness of from 
twelve to fifteen thousand feet. Such a mass 
would subside upon itself in consequence of 
its own weight ; it would be transformed 
into ice with a greater or less rapidity and 
completeness, according to the latitude deter- 
mining the surrounding climati<r influences 
and the amount of moisture f ailing" upon it as 
rain or dew, the alternations of temperature 
being of course more frequent and greater 
along its outer limit. In proportion as, with 
the rising of the temperature, these alterna- 
tions became more general, a packing of the 
mass would begin, corresponding i;o that ob- 
served in the glacial valleys of Switzerland, 
though here the action would not be intensi- 
fied by lateral pressure ; an internal movement 
of the whole mass would be initiated, and the 
result could be no other than a uniform ad- 
vance in a southerly direction from the Arctic 
toward the more temperate latM^es in Eu- 
rope, Asia, and North America, md from the 
Antarctic toward South America, the Cape of 
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Gkx>d Hope, and Van Dieman's Land. But 
we need not build up a theoretical case in 
order to form an approximate idea of the 
great ice-sheet stretching over the northern 
part of this continent during the glacial pe- 
riod. It would seem that man was intended 
to decipher the past history of his home, 
for some remnants or traces of all its great 
events are left as a key to the whole. Green- 
land and the Arctic regions hold all that re- 
mains of the glacial period in North America. 
Their shrunken ice-fields, formidable as they 
seem to us, are to the frozen masses of that 
secular winter but as the patches of snow and 
ice lingering on the north side of our hills 
after the spring has opened; let us expand 
them in imagination till they extend over half 
the continent, and we shall have a suflSciently 
vivid picture of this frozen world. And a 
temperature which would bring the climate of 
Greenland down to the fortieth degree of lati- 
tude would not only render the field of ice far 
more extensive, but thousands of feet thicker 
than it is at present. The physical configura- 
tion of Greenland also confirms the possibility 
of a glacial period in America, for there we 



ICE-PEBIOD IN AMEBIGA. -97 

hare at this moment a wide expanse of land 
unbroken by mountains, over which a uniform 
sheet of ice moves southward, with occasional 
variations of its trend, according to the undu- 
lations of the surface. The interesting ac- 
counts of Dr. Rink show that in reality Green- 
land is a miniature picture of the ice-period. 
The immense number of icebergs breaking off 
and floating southward every summer gives us 
some idea of the annual waste and renewal 
of the ice. How can we doubt, that, when, 
under the same latitude, Norway, Sweden, 
Scotland, England, and Ireland were covered 
by sheets of ice many thousand feet in height, 
the ice-fields of Greenland must have shared 
in the same climatic influences, and have been 
much thicker and far more extensive than 
they are at present? 

Notwithstanding the absence of lofty moun- 
tain-chains in America, we are not wholly 
without the means of measuring the thickness 
of the ice-sheet, by comparing it, as in Europe, 
with some of our highest elevations. The 
slopes of the Alleghany range, wherever they 
have been examined, are glacier-worn to the 
very top, with the exception of a few points ; 

5 O 
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but these points are sufficient to give us data 
for the comparison. Mount Washington, for 
instance, is over six thousand feet high, and 
the rough, unpolished surface of its summit, 
covered with loose fragments, just below the 
level of which glacier-marks come to an end, 
tells us that it lifted its head alone above the 
desolate waste of ice and snow. In this re- 
gion, then, the thickness of the sheet cannot 
have been much less than six thousand feet, 
and this is in keeping with the same kind of 
evidence in other parts of the country; for, 
wherever the mountains are much below six 
thousand feet, the ice seems to have passed 
directly over them, while the few peaks rising 
to that height are left untouched. And while 
we can thus sink our plummet from the sum- 
mit to the base of Mount Washington and 
measure the thickness of the mass of ice, we 
have a no less acccurate indication of its ex- 
tension in the undulating line marking the 
southern termination of the drift. I have 
shown that the moraines mark the oscillations 
of the glaciers in Europe. Where such accu- 
mulations of loose materials took place at its 
terminus, there we know the glacier must have 
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held its ground long enough tp allow time for 
the collection of these debris. In the same 
way we may trace the southern border of our 
ancient ice-sheet on this continent by the limit 
of the boulders ; beyond that line it evidently 
did not advance as a solid masd, since it ceased 
to transport the heavier materials. But as 
soon as the outskirts of the ice began to yield 
and to flow off as water, the lighter portions 
of the drift were swept onward ;* and hence we 
find a sheet of finer drift-depcTsit, sand and 
gravel more or less distinctly stratified, carried 
to greater or less distances, and fading into 
the Southern States, where it nrfngles with the 
most recent river-deposits. 

One naturally asks. What was the use of 
this great engine set at woric ages ago to 
grind, furrow, and knead over; as it were, the 
surface of the earth? We have our answer 
in the fertile soil which spreads* over the tem- 
perate regions of the globe. The glacier was 
God's great plough; and wh^ the ice van- 
ished from the face of the land, it left it pre- 
pared for the hand of the .husbandman. The 
hard surface of the rocks was ground to pow- 
der, the elements of the soil were mingled in 
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fair proportions, granite was carried into the 
lime regions, lime was mingled with the more 
iEirid and unproductive granite districts, and a 
soil was prepared fit for the agricultural uses 
of man. I have been asked whether this in- 
i^erence was not inconsistent with the fact that 
a rich vegetation preceded the ice-period, — a 
vegetation sufficiently abundant to sustain the 
tropical animals then living throughout the 
temperate regions. But the vegetation which 
has succeeded the ice-period is of a differ- 
ent character, and one that could not have 
flourished on a soil that would nourish a more 
tropical growth. The soil we have now over 
the temperate zone is a grain-growing soil, — 
one especially adapted to those plants most 
necessary to the higher domestic and social 
organizations of the human race. Therefore I 
think we mav believe that God did not shroud 
the world he had made in snow and ice with* 
out a purpose, and that this, like many other 
operation}! of his providence, seemingly de- 
structive and chaotic in its first effects, is 
nevertheless a work of beneficence and order. 
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GLACIAL PHENOMENA IN 

MAINE. 

THREE or four years ago I began a series 
of papers in the " Atlantic Monthly," 
which, though they appeared as separate geo- 
logical sketches, had, nevertheless, a certain 
sequence. These contributions have been un- 
avoidably interrupted for more than two years; 
and, in taking up the thread again, my readers 
will excuse me if, by a rapid review of the 
subject then under discussion, I recall to them 
the point at which we parted. There were 
two sets of facts which first awakened the 
attention of geologists to the ancient exten- 
sion of glaciers, though at first no investigator 
connected them with the agency of ice. The 
first was the presence of boulders in Central 
Europe and England, which had their birth- 
place far to the north of their actual position ; 
the second was the presence of similar de- 
tached boulders scattered over the plain of 



• » 






• •. 



» • 



•.• 



le^: GLACIAL PHENOMENA IN MAINE. 

•..'Switzerland, and on the slopes of the Jura, 
which, on tlie contrary, had travelled from the 
south northward, and had their origin in the 
AtpsJ Before they attracted the attention of 
scientific men, these dislodged masses were so 
generally recognized as strangers to the soil, 
that in Germany, among the common people, 
they went hy the name of Fundlinge^ — home- 
less cliildren. They are indeed the wandering 
Bohemians among rocks. 

Tlie first interpretation of these phenomena, 
which very naturally suggested itself, when 
they began to be systematically studied, was 
that of their transportation by water. It was 
supposed that irruptions of the northern oceans 
had swept the loose masses of Scandinavian 
rock over adjoining countries, and that large 
lakes within the Alps had broken tlieir natural 
barriers, and poured down into the plains, 
carrying with them dSbris of all sorts, and 
scattering them over the lowlands. But soon 
it was found that this theory did not agree 
with the facts; that the valleys of the Alps, 
for instance, had sent out boulders, not only 
northward, but southward and westward also, 
and that their distribution was often so regu- 
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lar, and their position so isolated, on high 
elevations, as to preclude the idea that im- 
mense tidal waves, freshets, or floods had so 
arranged them. Nature is so good a teacher 
that, the moment we touch one set of facts, 
we are instinctively, and almost unconsciously, 
led to connect them with other phenomena, and 
so to find their true relations. The boulders 
of the plains soon began to be compared with 
the boulders of the liigher valleys; ice itself 
was found to be a moving agent ; and it was 
presently ascertained that the transportation 
of loose materials by existing glaciers, and 
their mode of distributing them, corresponded 
exactly with the so-called erratic phenomena 
of Central Europe and England. With these 
results were soon associated a great num- 
ber of correlative facts; — the accumulation 
of loose materials under the glacier and upon 
its sides, as well as upon its surface, the tritu- 
ration of the former until they were ground to 
a homogeneous paste, and the regular arrange- 
ment of the latter as they successively fell 
upon the glacier, and were borne along upon 
its back, retaining all the sharpness of their 
angles, because they were subjected to no press-' 



104 GLAaAL PHENOMENA IN MAINE. 

ure; the characteristic markings, furrowing, 
grooving, scratching, and polishing of the sur- 
faces over which the glacier passed, as well as 
of the pebbles and stones held fast in its mass, 
and coming into sharp contact with the rocks 
beneath ; the accumulation of loose materials 
pushed along by the advancing ice, or carried 
on its edges, and forming ridges or walls at 
its terminus and on its sides. The studj of 
these combined results of glacial action now be- 
came part of the subject, and were sought for 
by geologists wherever the erratic phenomena 
were investigated. Out of these comparisons 
has gradually grown a belief that, as the 
Alpine glaciers were formerly more extensive, 
so did the northern ice-fields, now confined to 
the Arctic regions, once stretch farther south. 
I suppose there are few geologists now who 
would not readily give their assent to the 
glacial theory, expressed in this general form. 
But while the wider distribution of glacial 
phenomena from mountainous centres in an- 
cient times is now generally admitted, the 
theory in its more universal application, in- 
volving, that is, the existence of an ice-sheet 
many thousands of feet in thickness moving 
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across whole continents, over open, level plains 
as well as along enclosed valleys, still meets 
with many opponents, the stanchest of whom 
stand high as geological authorities. If not 
openly said, it is whispered, that, after all, this 
great ice-period is a mere fancy, worthy at 
best of a place among the tales of the Arabian 
Nights; that no moraines have ever been 
noticed in North America ; and that what has 
been ascribed to the agency of terrestrial gla- 
ciers, upon this continent, is simply the work 
of icebergs stranding against a coast which 
has subsequently been raised, so that the 
boulders first deposited by the floating ice 
along the shores now lie inland at a great 
distance from the sea. According to this 
suggestion all the erratic phenomena in North 
America, the extensive sheets of drift, the 
continuous and prominent ridges of drift 
materials, the larger scattered boulders, the 
scratched, polished, and grooved surfaces, are 
the work of floating ice, poured forth, then as 
now, from the Arctic regions. If this be so, 
we should expect to find all these so-called 
traces of glacial action running from the coast 
inward. 

6» 
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Let US see now how this agrees with the 
facts. I will not recapitulate the substance of 
my last article on this subject, " The Ice-Pe- 
riod in America." It gave a general sum- 
mary of the glacial phenomena on this conti- 
nent, as compared with those of Europe, stating 
at the same time my reasons for believing that 
immense masses of ice would move over an 
open plain nearly as rapidly as in a slanting 
valley, and from the same causes as those 
which determine the advance of the Swiss gla- 
ciers down the Alpine valleys. This article 
appeared in June, 1864. I had intended to 
follow it with one upon the appearances of the 
drift in this country; and in September I went 
to Maine in order to examine the drift phe- 
nomena on the islands and coast of that State, 
and compare them with those of the Massa- 
chusetts shore. At Bangor I fell in with a 
friend, who, when^ he heard the object of my 
journey, proposed to me to pass a day or two 
in a drive with Jiim northward along the 
" horsebacks," in the direction of Mount Ka- 
tahdin. I desired^ nothing better ; for a pre- 
vious glimpse of one horseback in the neighs 
borhood of Aurora had already shown me their 
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morainic character, and they therefore were 
immediately connected with my present in- 
vestigation. It would give me, besides, an 
opportunity of carrying out my survey, on a 
much larger plan. As I had already satis-^ 
fied myself, in this and previous journeys from 
Portland to Bangor j that the traces of glacial 
action occurred over all that region, this ex- 
cursion would enable me to follow them north- 
ward to a considerable distance, while on my 
return I could track them down to the coast 
in continuous connection. I dwell upon the 
character of this investigation, because, numer- 
ous as have been the local observations of this 
kind, I am not aware that extensive tracts of 
land have been systematically surveyed, com- 
pass in hand, with the view of ascertaining the 
continuity of these marks in definite direc- 
tions. I gladly accepted my friend's offer; 
and to this incident I owe some of the pleas- 
antest days I have ever spent in travelling, 
and the knowledge of some important, and I 
believe novel facts in glacial phenomena. 

It was late in September, just at the turn of 
the leaf; the woods were in all their golden 
and crimson glory, with here and there a pur- 
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pie beech, or a background of dark green 
pines. Familiar es we all are with the brill- 
iancy of the autumnal foliage in the neighbor- 
hood of our towns, one must see it in the 
unbroken forest, covering the country with 
rainbow hues as far as the eye can reach, in 
order to appreciate fully its wonderful beauty. 
A few words on this change of color, which is 
as constant as any other botanical character 
(each kind of tree having its special tints 
peculiar to itself, and not reproduced by other 
kinds), may not be amiss. Indeed, not only 
does every species have its appointed range of 
color, but each individual tree has its history 
told more or less distinctly in the ripening of 
the foliage. A weaker or a younger limb may 
have put on its autumn garb, and be almost 
ready to drop its leaves, while the rest of the 
tree is untouched. A single scarlet maple or 
red oak often gives us the most beautiful 
arrangement of tints, from the green of mid- 
summer, through every shade of orange and 
red; in the same way one leaf may ripen 
unequally, its green surface being barred or 
spotted with crimson or gold for days before 
the whole leaf turns. These differences give 
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amplo opportunity for studying the ripening 
process. In attempting to determine the cause 
of these changes, it ought not to be forgotten 
that they occur locally, and also make their 
appearance on particular trees much earlier 
than upon others ; so early, indeed, as to show 
clearly the fallacy of the prevalent idea that 
they arc caused by frost. The temperature 
remains ten or fifteen degrees above the freez- 
ing-point for a month and more after a good 
many of our trees have assumed their bright 
autumnal hues. The process is, no doubt, 
akin to that of ripening in fruits ; especially 
in such fleshy fruits as turn from green to 
yellow, purple, or red, like apples, peaches, 
plums, cherries, and others. The change in 
color coincides with changes in the constitu- 
tive chemical elements of the plant ; and this 
comparison between the ripening of foliage 
and fruit seems the more natural, when we 
remember that fruits are but a modification of 
leaves, assuming higher functions and special 
adaptations in the flower, so as to produce 
what we call a fruit. The ripening process by 
which the leaves take on their final colors is as 
constant and special as in the fruits. The cher- 
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ries do not assume their various shades of red^ 
deepening sometimes into black, or the plums 
their purples, or the peaches their velvety-rose 
tints, or the apples their greens, russets, browns, 
and reds, with more unvarying accui^acy than 
the different kinds of maples and oaks, or the 
beeches, birches, and ashes, take on their char- 
acteristic tints. The inequality of the ripen- 
ing of the foliage alluded to above has also its 
counterpart in the fruits. Here and there a 
single apple or peach or pear ripens prema- 
turely, while all the rest of the fruit remains 
green, or a separate branch brings its harvest 
to maturity in advance of all the surrounding 
branches. No doubt the brilliancy of the 
change in the United States, as compared with 
other countries, is partly due to the dryness of 
the climate ; and indeed it has been observed 
that certain European flowers take on deeper 
hues when transplanted to America. But I 
believe the cause lies rather in the special 
character of certain American plants and trees. 
The Virginia-creeper, for instance, which is 
much cultivated now in France and Germany, 
turns to as brilliant a scarlet in a European 
garden as in its native woods. 
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But let US return to our horsebacks. At 
the very begmning of our journey, we followed 
one of them for a considerable distance after 
leaving Bangor, on our way to Oldtown, be- 
sides which, we saw a number of similar 
ridges running parallel with it.* The name 
is somewhat descriptive, for they are shaped 
not unlike saddles with sloping sides and flat- 
tened summits. They consist of loose mate- 
rials of various sizes, usually without marked 
evidence of a regular internal arrangement, 
though occasionally traces of imperfect strati- 
fication are perceptible. Sometimes they fol- 
low horizontally, though not with an absolutely 
even level, the trend of a rocky ledge ; again, 
they themselves seem to have built the founda- 
tion of their own superstructure, being com- 
posed of the same homogeneous elements which 
cover the extensive flats over which they run 
with as great regularity as upon a more solid 
basis. The longest of these horsebacks — and 
they sometimes stretch, as I have said, for 
many miles — trend mainly from north to 

* Those who wish to foUow the localities indicated in this 
article should consult H. F. Walling's map of the State of 
Maine, published by J. Chace, Jr., Portiiand. 
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south, though their course is somewhat wind- 
ing, seldom following a perfectly straight line. 
They are unquestionably of a morainic nature, 
and yet they are not moraines in the ordinary 
sense of the term, but rather ridges of glacial 
drift heaped up in this singular form, as if 
they had been crowded together by some lat- 
eral pressure. Had they been accumulated and 
carried along upon the edge of the glacier, 
they could not be found in their present posi- 
tion. They differ also from moraines proper 
in their rounded materials, containing many 
scratched and polished pebbles, wliile moraines 
are built chiefly of angular fragments of rocks. 
Neither can they have been accumulated by 
currents of water ; for they occur in positions 
where any flood passing over the country, far 
from producing such an arrangement, must 
have swept them away, or at least have scat- 
tered them and destroyed their ridge-like char- 
acter. They are, indeed, identical with the 
bottom glacial drift, that is, with the materials 
collected beneath the present glaciers, and 
ground to a homogeneous paste by their press- 
ure and onward movement. I would call 
such accumulations ground moraines^ that is^ 
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moraines formed completely under the glacier, 
and resting immediately upon the rock or soil 
beneath. Of course, masses of drift below a 
great sheet of ice, moving steadily in the same 
direction over uneven, rocky surfaces, cannot 
preserve the same thickness throughout. Here 
and there the incumbent weight will press 
more heavily in one direction than in another, 
thus crowding the loose materials together, 
rolling them into ridges following mainly the 
direction of the movement. Occasionally such 
uneven pressure may drive these materials up, 
from either side, along the summit of a rocky 
ledge, or heap them at any height upon its 
slope. We have seen that the horsebacks, 
though uneven and winding, usually run from 
north to south; but occasionally also they 
trend from east to west. This is the case 
where a morainic accumulation of loose mate- 
rials may have been pushed forward, along the 
margin, in front of an extensive sheet of ice 
moving southward, and then left unchanged 
by the subsequent retreat northward of the 
whole mass. I conceive that such horsebacks, 
running east and west, may be compared to 
terminal moraines, which, as is well known, 

H 
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owe their origin to oscillations of the front end 
of a glacier, pushing forward a mass of loose 
materials, thus throwing it up into a trans- 
verse ridge, and then melting away to some 
point farther back. I have already shown, 
in previous articles, how such walls are con- 
structed, often forming concentric ridges one 
within another, each of which marks a retreat- 
ing step of the glacier. Sometimes the sum- 
mit of the horsebacks is so broad and even 
that the Country people consider them as nat- 
ural roads, and build their highways along 
them. They are indeed occasionally so sym- 
metrical that they have been taken for artifi- 
cial Indian mounds. The most perfect one I 
have seen stretches through Lagrange town- 
ship, between Bangor and Mount Katahdin, 
its direction being mainly from north to south. 
Leaving the horsebacks and the open coun- 
try on the second day of our drive, we entered 
upon a more wooded region, which brought 
us through the townships of Lagrange and 
Brownville, to the Ebeeme Mountains, at the 
foot of which the Katahdin Iron Works are 
situated. This is not only a very picturesque 
spot, but a most interesting locality with refer- 
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etice to glacial phenomena. To the north of 
the Iron Works there are two ranges of hills, 
one to the east, the more prominent masses 
of which are respectively known by the names 
of Horseback and Spruceback, while to the 
west corresponding summits have been chris- 
tened the Iron Mountain and Chairback. These 
two ranges are separated by a depression called 
the Gulf, at the foot of which, between Horse- 
back and Iron Mountain, there lied a little lake. 
Here a practised eye will at once detect the 
unmistakable action of a glacier in two suo- 
eessive periods of its history. In the direction 
of Iron Mountain and the Chairback, one hun- 
dred feet and more above the level of the lake, 
may be seen old lateral moraines, more or less 
disintegrated, marking an ancient glacial level. 
At a much less height, indeed but little above 
the bottom of the valley, a magnificent cres- 
cent-shaped terminal moraine is thrown across 
the southern end of the lake. By this wall 
the waters drained from the whole valley are 
held back to form a lake, although the barrier 
is not perfectly impassable, for a little stream 
oozes through it, just in front. Evidently 
this moraine is an accumulation of loose ma- 
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terials, pressed forward by the great local 
glacier once filling the Gulf, at the time when 
the ice was circumscribed within the limits 
of the valley itself. To the east and west 
of it there are, however, lateral moraines, rest- 
ing on a much higher level, and showing the 
extraordinary thickness of the glacier at a 
still older period. This structure strikingly 
resembles that of the morainic accumulations 
in the trough holding the present glacier of 
the Upper Aar in Switzerland. At its ex- 
tremity stands a large, crescent-shaped mo- 
raine, corresponding in size and form with 
that of the Katahdin Iron Works. The loose 
materials thrown on either side of the valley, 
to the right and left, extending in advance of 
the front moraine, and resting far above the 
present surface of the ice, may be compared 
to the higher lateral moraines of this ancient 
Maine glacier. In short, were the ice sud- 
denly to disappear from the Alpine valley in 
which the Aar glacier lies, the rocky frame- 
work of loose fragments it has built around 
itself would be almost identical with that of 
the so-called Gulf at the Katahdin Iron Works. 
In both instances, the lateral moraines on a 
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higher level indicate an earlier phase in the 
history of the glacier, when the ice was thicker; 
while the terminal moraine records the wast- 
ing of the glacier, until it occupied a much 
smaller area. As the Gulf is an interesting 
locality for the study of ancient glacial phe- 
nomena in Maine, I must point out its bear- 
ings with more precision, for the benefit of 
those who may care to verify my statements 
by personal observation. To the east of the 
hotel there is a knoll, on which stand the 
smelting-works. This knoll itself forms a part 
of the moraine ; but its character may be more 
distinctly appreciated from the shore of the 
lake, looking toward the smelting-works. In 
this position, the abrupt inner side of the cres- 
cent-shaped wall faces the observer. 

The traces of this local glacier in two suc- 
cessive phases of its existence are not more 
distinct than are those of the great ice-sheet 
in which all lesser glaciers were once merged, 
over the whole region. And not here alone. 
I have tracked its footsteps on its southern 
march from the Katahdin Iron Works to Ban- 
gor, and thence to the sea-shore. Every natu- 
ral surface of rock is scored by its writings 
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ftnd even the tops of the mountains attest, hj 
their rounded and polished summits, that thej 
formed no obstacle to its advance. It has 
been assumed by some geologists, and espo- 
ciaUj by Sir Charles Lyell, that the ice-period 
was initiated by the spread of local glaciers 
from special centres. The particular charac- 
ter of the more extensive glacial phenomena 
satisfies me, on the contrary, that they must 
kave preceded in course of time all mere local 
ll^aciers, and that the latter are but the rem- 
nants of the great ice-sheet lingering longer in 
liiglier and more protected valleys. Prom the 
evidence we have of its thickness and extent, 
Mch a mass of ice advancing over the country 
i^uld have swept away all evidences of local 
glaciers, all morainic accumulations previously 
formed. I therefore infer that the local phe- 
nomena were the latest in time, and conse- 
quent upon the shrinking of the larger con- 
tinuous ice-sheet. It is my belief that the 
ice-period set in, as our winters now do, — 
only upon a gigantic scale, — by snow-falls, 
and that it faded as do our winters, leaving 
tocal patches of ice wherever the temperature 
W9A favorable to their preservation. 
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I may say, without exs^geration, that gli^ 
cial phenomena extend oyer the whole length 
and breadth of the State of Maine, wherevev 
tliere is no obvious cause for their disappear- 
ance. One word of explanation, that this 
assei^tion of their omnipresence may not seen^ 
overdrawn to those who follow me over th^ 
^ame ground, expecting, perhaps, to find th^ 
glacial writing at every step along the road- 
aide, and to see the polished surfaces as shin^ 
ing and slippery as a metallic plate or a mar- 
ble slab. In the first place, all kinds of rock 
do not admit the same degree of polish. Coarse 
and friable sandstone cannot be polished under 
any circumstances. Only the finer granitic 
rocks retain the strias and the polished sur- 
faces very distinctly, in this region ; and even 
upon these they are frequently hidden by thci 
accumulation of soil, or occasionally obliter- 
ated by decay, where the rock is not har4 
enough to resist the atmospheric influences. 
The loose materials themselves, which have 
served as emery to grind down, polish, and 
groove the surface of the soil, may eventually 
become a screen to cover it from observation. 
TbQ skill pf the geologist consists in t^^ifiing 



120 GLACIAL PHENOMENA IN MAINB. 

these marks from spot to spot over surfaces 
where they were once continuous. When I 
say that I followed the glacial marks, compass 
in hand, from north to south, over a line a 
hundred miles in length, I do not mean that 
I never lost sight of them for that distance; 
but simply that one set of lines, which always 
ran due north and south, unless deflected as 
we shall see by some local cause usually ex- 
plicable on the spot, might be traced at inter- 
vals over all the rocky surfaces. If they dis- 
appeared under a stream on its northern shore, 
they reappeared on the southern side ; if hid- 
den for a time by some mass of vegetation, 
they were foujid again farther on ; and thus — 
allowing for natural and inevitable interrup- 
tions — it may be correctly said that they are 
continuous over the whole country. The gla- 
ciated surfaces — to express in one word the 
combined action of glaciers on the rocks over 
which they move — present the most varied 
outlines, sometimes flat, sometimes bulging, 
with inclined slopes. But whether more or 
less prominent, they are always rounded, dome- 
shaped, and the larger furrows, like the smaller 
stri» and grooves, are invariably straight. 
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Never do we find winding, branching furrows 
determined by the inequalities in the hardness 
of the rock, or by pre-existing fissures, as is 
the case wherever rocks are worn by water, or 
rather by sand and pebbles set in motion by 
water. 

While upon the subject of glacial phenom- 
ena in general, and in order not to interrupt 
too frequently the account of my own journey, 
I may here enumerate some of the localities 
in the State of Maine where glacial marks are 
most distinct. They are so numerous, that I 
must limit myself to those where the traces 
are most remarkable. To the east of Port- 
land there are a number of ledges where they 
are well preserved, and tliey exist also upon 
some rocky surfaces in the islands of the bay. 
Rocky ledges occur frequently between Yar- 
mouth and Lewiston, the surface of which is 
polished and scratched from north to south. 
These ledges are partly covered by morainic 
accumulations. West of Lewiston, along the 
Little Androscoggin, there is a coarse clay 
slate distinctly scratched in the same way. 
To the east of Lewiston, along Lake Winthrop, 
there are surfaces of clay slate intersected by 

6 
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green&tone. dikes exlubiting alao the characterv 
ifltie markings; and an immense median mq* 
raiue in the same locality cannot escape notice. 
A few miles to the west of West Waterville a 
terminal or front moraine is thrown across the 
neck of the lake, forming a barrier to which 
this sheet of water, owes its existence. Half- 
way between Waterville and West Waterville 
are lino polished and striated surfaces. At 
Clinton, as also between Etna and Newport, 
the marks are very distinct. In all these 
localities the lines run due north and south. 
To the west of Bangor the country is rolling 
and rather flat. Hei^ the roches moutonnies 
are numerous, with polished surfaces, upon 
which the scratches and grooves are very dis- 
tinct, but bearing generally north-northwest, 
over beds of slaty rock striking northeast. 
These rocks are partially covered by drift, lu 
whicl> scratched pebbles are not rare, though it 
contains but few large boulders. In the imme* 
diate neighborhood of Bangor, and especially 
near Pushaw Lake, the roches moutonn^es are 
very extensive, and, from their cliaracter, par- 
ticularly instructive. These rolling hills are 
formed by thin upturned day-slate beds, stand- 
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ing edgewise, in a vertical positioii, and stri^ 
ing easfrnortheast. Scratches, grooves, an4 
furrows of every dimension, pometime^ very 
distinct, sometimes fainter, but always rect^ 
linear and always running due north, traverse 
the edges of tliese beds at right angles with th^ 
surfaces of stratification and the trend of the 
beds. It is evident that here there can be np 
confounding of tlie glacial marks with struQ* 
tural lines, or cracks in the strata, — for thesQ 
would not run at right angles with the struo* 
ture of the rock itself ; or with furrows made 
by water, — for these would have followed the 
atrata instead of crossing them; or with any 
displacement of the beds moving upon one 
another, — a suggestion which has sometimes 
been made to explain the appearance of these 
marks upon horizontal surfaces. Nor is there 
any trace of the angular ledges which must 
have resulted from the tilting of these strati- 
fied rocka. The whole region is levelled and 
smoothed down to an undulating plain. 

While investigating the facts in this locality^ 
X eeuld not but recall the criticism of the 
'^ greatest geologist of the age '' * upon the glft^ 

* Leopold Ton Bach. 
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cial theory, then in its infancy ; and the ridi- 
cule thrown upon the idea that the polished 
and scratched rocks of the valley of Hasli 
had been fashioned by ice. He considered 
these appearances as the natural effects of the 
shrinking of melted masses under the process 
of cooling, which might produce some dis- 
placement or movement of successive layers 
one upon another, leading to marks of different 
kinds belonging to the structure of the rock 
itself, and not due to any external action. 
Had the strata in this instance been vertical 
in their position, like those of which the roches 
moutormSes on Pushaw Lake consist, instead 
of slanting but slightly, like those of the val- 
ley of Hasli, such an interpretation could not 
have been admitted for a moment, and the 
doctrine of a former greater extension of gla- 
ciers would perhaps have been recognized 
twenty-five years earlier by scientific men. 

Prom Bangor eastward to Eastport, I have 
made but a hasty survey, — not in the present 
journey, which included only the country be- 
tween the Katahdin Iron Works and Mount 
Desert, but on a former occasion. . I then no- 
ticed, that, at intervals, between Bangor and 
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Calais and over the whole track from Calais to 
Eastport, numerous polished surfaces are visi- 
ble, with distinct scratches and furrows point- 
ing due north. I may say, therefore, from my 
own personal observation, that the State of 
Maine, for nearly its whole width, that is, 
over four degrees of longitude, jand between 
latitude 44° and 45'', bears all the characteris- 
tic indications of glacial action on its surface. 
But while many of these phenomena are per- 
fectly simple and clear to one intimately ac- 
quainted with the effects produced by moving 
masses of ice, I have noticed near Bangor, and 
more especially in the neighborhood of Water- 
ville, facts not so readily explained, though 
I believe I have found their true solution. 
Ordinarily all the glacial marks in a given 
locality run in one direction, and have cer- 
tainly been produced simultaneously by one 
and the same agent, however opinions may 
differ as to the nature of that agent. But on 
Ledge Hill, five and a half miles from Bangor, 
faint striao may be seen pointing due north, 
while upon the same slab are other lines point- 
ing northwest, forming an angle of forty-five 
degrees with the first. I believe that here 
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WQ have two siiceessiTe aets of lines, tlie later 
ones having partially obliterated the first. The 
height of the ridge may have determined a 
change in the course of the ice, when it had 
diminished in thickness, and no longer acted 
with the same undeviating force. At Watei^ 
ville the fact^ are still more perplexing. On 
the road to Benton, near the house of G. W. 
Drummond, are slaty rocks striking northeast, 
upon the surface of whidi are again two sets 
of marks, — one consisting of large, distinct 
scratches and furrows trending due north, 
while the others are finer, less distinct, and 
point east-northeast On the road to Winslow, 
near the house of Henry Gichell, the same two 
systems of scratches may be seen on flat slabs 
of rock along the roadside. From the forma- 
tion of tlie land in this region, I am inclined 
to believe the second agent —namely, that to 
which the scratches bearing east should be 
ascribed — to have been icebergs. There 19 
high land two or three miles beyond these 
rocky surfaces, in Benton township; and the 
flat over which the Sebasticook River flows 
extends to these heights. Tlie ice is likely to 
have remained longer upou the higher groundy 
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and when the lower tracks werQ inundated 
by the melting of the general aheet of ioe, th^ 
water, a3 it rose, may have floated off the re- 
maining bergs, and drifted them across the 
normal primary scratches bearing due north. 
On our return from the Katahdin Iron 
Works our road lay through Brownville, Orne- 
ville, Bradford, Hudson, and then along the 
shore of Pushaw Lake, to Bangor. Through- 
out this whole tract scratched and polished 
surfaces and roches moutonnSes are frequents 
But the most instructive localities of all, in 
reference to glacial phenomena, are to be 
found near the slate quarries of Brownville, 
Here again, as in the roches moutonnSe$ at 
Pushaw Lake, the marks run at right angles 
with tho trend and dip of the beds. To ex- 
plain fully the significance of the facts in this 
region, I must say something of its general 
formation. Pleasant Biver runs through a 
wide, open valley, the direction of which is 
very nearly from north to south. The finely 
laminated clay beds in which the slatej^uarries 
are excavated are lifted to an angle of seventy 
degrees and more, that is, standing almost} 
vertically ^ wd their trend is across the valley 
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from east to west, at right angles with it. 
More favorable circumstances for the study of 
glacial erosion could hardly be found. On 
comparing the marks and polished surfaces 
which pass at right angles over the edges of 
these upturned slate beds in the bottom of the 
valley as well as upon its sides, they are found 
to have exactly the same direction due north as 
the valley itself. Evidently, then, the agent 
which produced them must have been instru- 
mental in shaping this trough, as it moved 
down the valley, before it could follow its 
path unimpeded by any inequalities of surface. 
Had it been a fluid mass, it would have fitted 
itself to the lay of the land: it would have 
followed the vertical edges of the strata, work- 
ing its way in between them, instead of cutting 
them all to one evenly rounded surface, as it 
has done. Indeed, it would seem as if this 
place were meant to facilitate the task of the 
investigator. It presents the data for an im- 
mediate comparison between the action of 
water and that of ice, the limit of the former 
being distinctly visible in the narrow furrow at 
the bottom of the valley in which the river has 
cut its bed. This furrow is sunk somewhat 
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below the general undulating level of the slate 
beds, and upon its surface there is no trace of 
rectilinear lines and grooves, but simply the 
usual irregular, winding marks arising from 
the action of running water, and following all 
the structural inequalities. The valley as a 
whole is a rather shallow depression, sinking 
a little more sharply toward the centre, and 
rising gradually east and west of the river- 
banks. The whole rock surface, with the 
exception of the river-bed, is glaciated, and it 
is impossible to overlook the fact that the 
same agent which has fashioned the bottom of 
the valley up to the adjoining hills has also 
grooved and scratched, at right angles with 
their structure, the upturned beds trending 
across it. 

The absence of angular ledges in a region 
exclusively composed of uplifted slaty rocks is 
very remarkable. Facts like these show that 
a careful survey may furnish the means of 
actually measuring the extent of denudation 
or abrasion resulting from the grinding power 
of glaciers. They may even settle the ques^ 
tion as to the origin of lake-basins now under 
discussion among geologists. The extensive 

6» I 
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QxeaTationa made by the quanTing operatioa^ 
in these roeka give the most admirable chai^^ 
ces for investigation. These slates are them- 
selves of admirable quality, and are much used 
as roofiug-slates. About a mile to the west oi 
the quarries, near Merrill, there are large mo- 
rainic accumulations of loose materials of the 
kind I have called bottom or ground moraines, 
though here they are not exactly in the form 
of horsebacks. Immediately above the quar- 
ries at Brownville, where the drift has been 
recently removed to facilitate the quarrying, 
there are good sections where these bottom 
moraines, trending in the direction of the hills 
to the east of the valley, may be easily studied. 
They rest immediately upon the edges of thei 
upturned beds, the whole mass being a mix- 
ture of the most heterogeneous rocky materi- 
als uniformly mixed. Nowhere in this neigh- 
borhood have I seen anything like a distinct 
lateral moraine ; but near the church, an un-> 
mistakable terminal moraine, across which the 
river has cut its bed, spans the valley. The 
exliibition of glacial phenoment^ is so pompletQ 
hare, that it seems superfluous to {oUqw ^imi- 
Uur f aeto tlnroi^h localities where, owi^g to ^ 



character of thQ rock^ and the laj q{ the land, 
they are less distJuot. As, however, the exr 
tent over which tlie same set of phenomeQS^ 
may he traced forms an important part of th^ 
inquiry, I may indicate a few otlier points at 
which similar appearances occur. On the 8un> 
mit of the hill half-way between BrownyillQ 
and Milo, near the Sebec River^ the scratches 
and furrows are distinctly seen trending duQ 
north and south. They recur, after crossing 
the ferry, on the brow of another hill farther 
ta the south. Between Orneville and North 
Bradford there are extensive iSats, on which 
tlie rooks, wherever they are not decomposed, 
exhibit even and polished surfaces traversed by 
rectilinear grooves and furrows trending maii^ 
ly from north to south, though here and there 
diverging to the west, and even forming occar 
sionally an angle of from twenty to twenty-fivQ 
degrees with the main set of lines. Farther 
SOutl)> as the land begins to rise again, all tliQ 
marks point once more uniformly northward. 
To the north and south of the town of Hudson, 
and especially near the post-office, the scratches 
are very distinct, bearing due north aorosa 
daty rocks, which trend ea^t-north^aat. The 
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TiewB fram the hi^ lands orcr all this region 
are very beantifuL O^Lammony tbe Peaked 
ICoontains, and the Unkm BiTer Moontains 
limit tbe horizon in tbe east ; Dix^s Moontain 
rises in tbe distance on tbe west; while the 
Katahdin IConntains are stilt risible far to the 
north. 

On retoming to Bangor, I proceeded at once, 
according to mj original intention, to Mount 
Desert; bat before giring an account of the 
glacial phenomena on that island, I must 
say a few words of the physical features of 
the country between Bangor and the sea. 
This region is intersected by three distinct 
ranges of hills, without counting the low range 
between Brewer and Holden. The first di- 
vides the valley of the Penobscot from that 
of Union River, passing through the townships 
of Clifton, Holden, and Dedham; the second 
separates the valley of the Union River from the 
Coast Range; the third is the Coast Range 
itself, of which Mount Desert and the elevated 
islands on either side of it form a part ; for 
all these islands, so broken and picturesque 
in their outlines, must be looked upon as the 
higher summits of a partly submerged moun- 
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tainous ridge. These chains do not run ex^ 
actly parallel with the coast, their trend being 
more to the north than that of the shore itself; 
so that the ridges extending from east to west, 
across the country, are not exactly at right 
angles with the normal direction of the glacier 
marks, though nearly so. It is this formation 
of the surface of the land which makes the 
glacial phenomena so interesting between Ban- 
gor and the sea, especially where one can con- 
nect them with like traces farther north. The 
road from Bangor to Mount Desert passes in 
succession over all these ridges, ascending to 
the heights and descending into the interven- 
ing depressions ; thus rising three times from 
the bottom of a valley over the ridge interven- 
ing between it and the next valley, before 
reaching the southern coast of the large shore 
islands.* Over all the elevations and in all 
the valley bottoms one may trace, in unbroken 
continuity, and almost at right angles with the 
direction of the mountains and of the valleys, 
the same set of lines or glacial marks that we 
have already traced to the north of Bangor, 
running due north and south until they dis- 

* Ck>mpare Chace's map of Maine. 
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appear under the arm of the sea vliich separ 
ratea Mount Desert from the coast. The; 
reappear on the north shore of tlie. island 
itself, passing over its higher summits to lose 
themselves finally under the level of the ocean. 
I^ot only are the characteristic p^arks to be 
followed along the entire length of the road, 
Imt the whole surface of the country is moth 
tonnes; namely, worn into those rounded, 
knoU-like surfaces so frequently alluded to in 
this and previous chapters, and so well known 
in Switzerland as due to glacial action. Bal4 
Mountain is a striking example of this kind of 
bill. 

This region is literally strewn with hugQ 
boulders, sometimes forty or fifty feet high. 
For the most part they seem to belong to the 
peighboring hills, and have not travelled a 
l^eat distance* There are many of these boul- 
ders, however, which add their testimony to 
9how that the path of the great ice-plough has 
been from north to south. This is especially 
the case with the granite rock of Dedham, so 
well characterized by its large feldspar crys- 
tals, detached masses of wiiich are frequently 
found to the south of that localit^r^ but never 
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to the north of it. Occasional boulders of a 
much more northern origin are not wanting. 
Another link in the evidence is that, wherever 
the marks are preserved on any abruptly ris- 
ing ground, they occur on its northern side, 
and do not appear on tlie southern one. Evi- 
dently the abrading agent advanced from the 
ftorth, pushed up and over the face presented 
to it, while the southern face was compara- 
tively protected, the rigid mass no doubt often 
bridging the opposite declivity without even 
touching it. I suppose these facts, which per- 
haps seem insignificant in themselves, must 
be far less expressive to the general observer 
than to one who has seen this whole set of 
phenomena in active operation. To me they 
have been for many years so familiar in the 
Alpine valleys, and their aspect in those re- 
gions is so identical with the facts above de- 
scribed, that, paradoxical as the statement may 
seem, the presence of the ice is now an unim- 
portant clement to me in the study of glacial 
phenomena. It is no more essential to the 
investigator who has once seen its connection 
with the facts, than is the flesh which once 
dothed it to the anatomist who cftudies the 
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skeleton of a fossil animal. In the face of 
these facts it seems preposterous to assume 
that the loose materials and boulders scat- 
tered over this interval should have been 
stranded by icebergs driven inward from the 
sea-shore by currents or tidal waves. The 
whole movement, whatever its cause, was un- 
questionably in the opposite direction. The 
testimony of the loose materials and erratic 
boulders is the same all over the United States. 
They are always of northern birth. I have 
never seen a smgle fragment of rock from any 
more southern locality resting upon glaciated 
surfaces to the north of them, though I have 
searched for them from the Atlantic coast to 
Iowa. 

The picturesque island of Mount Desert lies 
on the southern shore of Maine, in Hancock 
County, and is separated from the mainland 
by a narrow arm of the sea. Much higher in 
the centre than on the margin, its mountains 
seem, as one draws near, to rise abruptly from 
the sea. It is cleft through the middle by a 
deep fiord, known as Somes's Sound, dividing 
the southern half of the island into two un- 
equal portions ; and its shores are indented by 
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countless bays and coves, which add greatly to 
its beauty. We entered the island on the 
northwestern side, from Trenton, and proceed- 
ed at once to Bar Harbor, on the eastern side. 
This is a favorite resort in summer on account 
of its broken, varied shore, and of the neigh- 
borhood of Green Mountain, with its magnifi- 
cent view from the summit and its exquisite 
lake, sunk in a cup-like depression half-way up 
the mountain-side. At the very entrance to 
the island, on passing over the toll-bridge of 
Trenton, there is an excellent locality for gla- 
cial tracks. The striae are admirably well 
preserved on some ledges at the Mount De- 
sert end of the bridge. The trend of these 
ma,rks is north-northeast, instead of due north 
as in most localities; and here is one of the 
instances where the slight . deflection of the 
lines is evidently due to the lay of the land. 
The island is not only highest towards the 
centre, but narrows at its northern end as it 
sinks toward the shore, from which it is sepa- 
rated on either side by two deep fiords running 
up into the coast of Maine, and known as 
Frenchman's Bay on the east, and Union Bay 
on the west. It is evident that the mass of 
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fee passing from the mainland over this term 
of the sea sunk eastward and westward into 
tliese two gorges, acquiring, no doubt, addi- 
tional thickness thereby, and being, in con- 
sequence of this change in its normal course, 
slightly deflected from its usual direction in 
working its way up against the shore of Mount 
Desert. This is shown by the fact that the 
glacial marks on tlie northwest shore bear, as 
I have already said, slightly to the east, wliile 
tlK)se on the northeast shore bear slightly to 
the west. On approaching the centre of the 
island the marks converge towards each other, 
and regain their primitive direction due north 
and south, on its more elevated positions. I 
have often observed in Switzerland like in- 
stances, when from some local cause the direc- 
tion of the movement was slightly deflected to 
the right and left, converging again at some 
little distance. In the valley of Hasli, be- 
tween the hospice of the Grimsel and Gutta- 
nen, are several knolls which afford examples 
in point. On the upper side of these knolls, 
facing the higher part of the valley, from 
which large glaciers formerly came down, 
marks are carried directly up the slope on to 
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the back of the knoll, while on either side they 
fall away slightly to the right and left, con^ 
verging again to meet and continue their 
straight course over the lower slope ; showing 
that) though 6uch knolls, entirely buried be- 
neath the mass of the ice, are no obstacle to 
its advance, the inequalities of the bottom do 
affect in a slight degree the direction of the 
inovement, and render the strias less even than 
over a level surface. Of course, where the ice 
is very thick, bottom inequalities will make 
little impression upon the onward movement 
of the whole mass ; but in proportion as the 
ice wanes, it adapts itself to the depressions 
and knolls of the surface, in consequence of 
which the glacial marks lose the uniformity 
of their trend. 

The morning following my arrival at Bar 
Harbor I spent in examining the glacial phe- 
nomena in its immediate neighborhood. At 
Bar Harbor itself, the marks bear north and 
north-northwest. A mile farther south they 
are all in a north-northwesterly direction. 
The cove of the Spouting- Horn, however, — 
a deep recess in the rock, where the surf acts 
With wonderful force, — is engraved on both 
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sides with lines running due north. On the 
same side of the island, considerably to tho 
south of Bar Harbor, there is a striking sear 
wall composed of coarse materials, thrown up 
in a line along the shore, formed, no doubt, by 
some unusually severe storm, coinciding with 
high-water. It resembles the well-known sea- 
wall of Chelsea Beach. Behind this wall 
stretches an extensive marsh, formerly a part 
of the sea. Somewhat beyond it, on the shore, 
are two very distinct polished and grooved 
surfaces, with the lines running due north. 
On the afternoon of the same day, I ascended 
Green Mountain. Along the lower part of the 
road the marks run northwest, then north- 
northwest, converging more and more toward 
their normal course, until, after passing the 
first summit, and thence upward, they lose 
entirely the slanting direction impressed upon 
them by the deflection of the ice about French- 
man's Bay, and run due north again. All the 
way up the last slope of the mountain, wherever 
the rock is exposed, may be seen well-engraved 
flat surfaces of rose-colored protogine, on which 
the scratches and grooves sometimes run for 
twenty feet without any perceptible interrup- 
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tion. On the very summit is a quartz dike 
cut to the same level with the general outline 
of the knoll, on which the marks are very 
distinct. I arrived on the extreme point — 
where the southern descent is so abrupt that 
the mountain seems to plunge into the ocean 
— just at sunset. The sea as far as the eye 
could reach was still glowing with color ; ame- 
thyst clouds floated over the numerous islands 
to the southwest ; while on the other side in the 
gathering shadows lay the little lake midway 
on the mountain slope, and, below, the many 
inlets, coves, and islands of Frenchman's Bay. 
On the following day, we crossed to the 
opposite side of the island, skirting Somes's 
Sound, and the next morning entered the 
sound in a small schooner. A stiff breeze 
from the north, which obliged us to tack con- 
stantly, and made our progress very slow, 
prevented us from exploring this singular inlet 
for its whole length ; but short as it was, our 
sail gave me ample opportunity for observing 
the glacial phenomena along its shores. At 
the mouth of the sound, before entering the 
narrows, there are several concentric termi- 
nal moraines on both sides of the fiord. No 
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doubt they once stretched across it, and were 
broken through by the sea. On either side, to 
the right and left, in ascending the sound, are 
little valleys running down to the water ; and 
evidently they have all had their local glaciers, 
for there are terminal moraines at the mouth 
of each one. These facts only confirmed my 
anticipations. I had seen, on passing the head 
of the fiord, in our drive of the previous day, 
that it must from its forihation afford an 
admirable locality for glacial remains, unless 
they had been swept away by the sea. The 
small town of Sbmesville is beautifully situated 
at the head of the sound. Approaching it 
from the east, I observed that the glacial 
marks which had been pointing due north 
began to point west-northwest, while on the 
western side of the settlement they pointed 
east-northeast. Evidently there is an action 
here similar to that by which the marks are 
deflected on the northern shore of the island 
about Frenchman's Bay and Union Bay. The 
mass of ice coming from the north had been 
gradually sinking into the fiord from opposite 
fades. Near Somesville ohureh the marks run 
again due north* 
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The extensive surfaces of polished an4 
scratched rocks in this lociditj recall the cele- 
brated Helle-Platten of the valley of Hasli. 
Prom Southwest Harbor we followed the shore 
to Bass Harbor and Seal Cove. There are 
frequent indications of glacial action along 
this road, and one or two points of special 
interest. At Bass Harbor there is a large 
dike of green trap running at right angles 
with the tide current. Though regularly over- 
flowed at high-water, the action of the sea has 
not affected the glacial characters, which are 
peculiarly distinct at this spot. Not only is 
the "surface of the dike itself deeply scored 
with striae and furrows running due north, 
but, being of a softer quality tlian the granitic 
rock which it intersects, it has been cut to a 
little lower level, and the vertical walls of the 
fissure are polished, scratched, and grooved in 
the same way. I met here with one of those 
incid^its showing the character of the work- 
ing-class in America which always strikes a 
European with astonishment. There was a 
blacksmith's shop near this dike, and being 
extremely anxious to obtain a specimen from 
it on account of the clearness of ita gladal 
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characters, I requested the head workman, 
who had been watching my observations with 
a good deal of interest, to break me off a piece. 
It was not an easy task, for there were no 
angles, the dike being sunk below the sur- 
rounding surface and perfectly smooth. After 
a time, and not without some hard work, a 
wedge was driven in, and with the help of a 
crow-bar two or three very satisfactory speci- 
mens were pried out. I naturally wished to 
pay the man for his labor ; but he refused to 
take anything, saying that he saw I was a 
geologist travelling for the sake of investiga- 
tion. He added, tliat he subscribed for one or 
two papers and magazines : perhaps he sliould 
meet with some of the published results of my 
journey one of these days, and that would 
be the best reward for the little help he had 
given. Seeing his interest in tlie object of my 
researches, I explained to him the significance 
of this dike, showed him the direction of the 
marks pointing straight to the north, and 
evidently entirely independent of tidal action, 
since they ran at right angles with it. As I 
bade him good by, he said, " Henceforth this 
dike shall be my compass ; I shall know when 



GLACIAL PHENOMENA IN MAINE. 145 

the wind blows due north." The locality was, 
indeed, especially interesting from several 
points of view. It is one of the few instances 
I have seen in which a dike, being composed 
of a softer paste than the adjoining rock, has 
yielded more readily to the ice-plough, and is 
cut to a lower level, thus forming a broad, flat 
furrow, the upright walls of which ai*e scored 
as deeply as the horizontal surface of the dike. 
Another most important fact is, that the tide 
daily flows across these marks. Evidently, 
then, they have not been made by water, since 
water has no power to erase them, or to ob- 
scure them by other lines of the same kind. 
A mile and a half to the south of Bass Harbor 
there is a ledge facing north, on which the 
glacial characters also point to the north. At 
Seal Cove, however, on the southwestern shore, 
the marks have again a north-northwesterly 
direction. South of Seal Gove all the surface 
inequalities are moutonnSes^ the striae running 
north-northwest. We returned to Trenton 
Bridge by the western shore, having thus 
skirted the whole island. 

Before closing these remarks I wish to 
allude, in passing, to some other facts con- 

7 J 
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neeted with this investigation, whicli I could 
not easily notice at an earlier time without 
interrupting my narrative. East and south of 
Bangor there are considerable deposits of 
faintly laminated days, used for the manu- 
facture of bricks, in which striated pebbles and 
patches of sand are sparsely interspread. I 
take it for granted that the clays are morainio 
materials remodelled by the floods arising from 
the melting of the great glaciers, and that th^ 
pebbles and sands are the droppings of ice- 
bergs floating upon these waters. This is the 
more probable, since accumulations of irreg- 
ularly stratified sand are always found in the 
vicinity of such masses of sifted clays, contaiur 
ing scratched pebbles. I have seen similar de- 
posits in the Western States, for instance, near 
Milwaukee and Chicago. 

Between Bangor and Mount Desert the, usual 
evidence of glaciation is YQvy extensive. I 
would mention as particularly interesting the 
liills south of Holden and the hills about 
Pedham. On the route along Union Bay ther^ 
are also extensive polished surfaces, especially 
in ttie vicinity pf Bucksport. Near Ellsworth, 
thej are beautifully presejrved, and all the. ^coir 
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nenGes tiUpe moiUonnSes. At Ellsworfh FaHs^. 
On both sides of the bridge^ there are splendid 
polished surfaces, with s(»*aitches and furrows 
pointing due north. Between Ellsworth and 
Trenton, and westward of that meridian, in* 
the direction of BuCksport, there are seyerat^ 
longitudinal moraines parallel to one another, 
running from north to south, composed of 
large angular boulders, resting upon ground* 
moraines made up of rounded, scratched peb- 
bles and sand mixed with clay. Such a super- 
position is utterly incompatible with the idea 
of currents passing over these tracks. Two 
miles west of Ellsworth a similar longitudinal 
moraine runs over the top of the hill, and 
about one mile farther west there is another, 
diiefly composed of the coarse Dedham granite* 
The bottom deposit, upon wliich these moraines 
rest, consists of fine sand and loam with 
scratched pebbles. Seven or eight miles west 
of West Ellsworth the hills, consisting of clay 
dates on edge, larending from east to west, are 
abraded, atid upon the polished surfaces of 
their levelled edges rest two other longitudinal 
fliondnea, with angular boulders of DedhanI 
gramiey.niilnii^,£rom<nortU to sodthyvand^veM- 
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ing upon an extensive ground moraine con- 
taining many smaller rounded and striated 
boulders. Ten miles west of Ellsworth there 
is still another longitudinal moraine ; but the 
largest of all these parallel moraines is about 
three miles farther west, that is, about thirteen 
miles west of Ellsworth. Half a mile south 
of Bucksport the clay slates are nearly verti- 
cal, and their upturned edges are evenly pol- 
ished and scratched. These surfaces are par- 
tially covered with the mud of the Penobscot 
River. Similar facts may be traced all the 
way between Bucksport and Bangor. Every- 
where the scratches point due north. 

The coast range east and west of Somes's 
Sound is divided into a series of hills by trans- 
verse valleys, in most of which there are small 
lakes formed by transverse moraines at their 
southern extremity. Beginning east, and not 
counting the less prominent peaks, we have, 
first, Newport Mountain; next, Eebo and 
Green Mountains; then, Jordan Mountain, 
Bobbey Mountain, Ha<ilock or Pond Mountain, 
and Westcot Mountain, all to the east of Somes's 
Sound; then follow Dog Mountain, Defile 
Mountain, Beach Hill, and West Mountain, all 
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on the west side of Somes's Sound. Denning's 
Pond, which I have examined more in detail, 
lies between Dog Mountain and Defile Moun- 
tain. The road along the lake follows the 
eastern or left lateral moraine of the glacier 
which once filled its basin ; and the lake itself 
is hemmed in by a crescent-shaped terminal 
moraine at its southern extremity. The lakes^ 
eleven in number, intervening between the 
other mountains, are likewise bordered by 
moraines. We have thus satisfactory evidence 
that at an early period of the retreat of the 
great ice-field covering this continent, when it 
no longer moved over the highest summits of 
the land, local glaciers were left in the gorges 
facing the sea. 

We have thus traced the glaciated surfaces 
over the whole width of the State of Maine, 
and over a part of its length, in a narrow 
track some hundred miles in extent, from the 
Eatahdin Iron Works to the southern shore 
of Mount Desert, where they are lost in the 
ocean. I have, however, suppressed a great 
amount of evidence which could not easily be 
presented without maps and sections. I may 
have an opportunity of publishing what has 
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be^i omitted on some fatard oocaaion. Qvec 
this wliole region^ the glacial chaa^acters runt 
due north and souths neyer deflected exc^t 
1^ local causes, ascending^ In nndeyiating i^eo- 
tilinear course, all the elevations, and descend- 
ing into all tlie depressions. How ia it pos- 
sible to suppose that floating icebergs would 
advance over such an uneven country with this 
steadfast, straightforward march ? Instead o£ 
ascending the hills, they would be cavght 1>e- 
tween them in the intervening depressi<ms^ oi?, 
if the land were completely submerged, floated 
over them. The advocates of the iceberg theoijy 
forget also that an amount of floating iee, so 
ttmch larger than is now annually spreading 
over the Northern Atlantic, implies a far lowqr 
temperature ; and with it. we have the condi- 
tions necessary to cover the mainland with 
glaciers, instead of simply increasing the fleld 
of icebergs^ Equally impossible is it to> sup^ 
pose that anything so unstable as water has 
produced such straight and continuous lindQ. 

Assuming, then, that these phenomena were 
produced by ice> let me add^ in. conclusioiH 
tilat tlie glacial traces ev^ the State of Mmnc^ 
ted ^peciidly hebw^esk^ l^gor aod tiie^ sm- 
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cpast,. afford means of estimating, {^proximate- 
]f the tliickness of the ice-sheet which once 
moved over the whole land, as well aa its limi- 
tations during a later period, when it had be- 
gun to wane. In order to advance across a. 
hilly country and over mountainous ridges ris- 
ing to a height of twelve and fifteen; hundred 
feet in the southern part of the State, and to 
a much higher level in its northern portion, 
the ice must have been several times thicker 
tlian the height of the inequalities over which 
it passed; otherwise it would have become 
encased between these elevations, which would 
have acted as walls to enclose it. We are 
therefore justified in supposing that the ice- 
fields, when they poured from the north over 
New England to the sea, had a thickness of at 
least five or six thousand feet. On a future 
occasion I shall give an account of the drift 
phenomena along our Atlantic coast, showing 
also that at that period the ice-fields were not 
bounded by our present shore line, but extend- 
ed considerably beyond it, over surfaces now 
occupied by the ocean. At a later time, dur- 
uig the shrinking and gradual disappearance 
of the ice-sheet, the ice, no doubt, retreated 
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within the shore islands. The aspect of the 
coast of New England must then have been 
very similar to that of Greenland in its colder 
portions. Mount Desert itself must hare been 
a mmiature Spitzbergen, and colossal icebergs 
floated off from Somes's Sound into the Atlantic 
Ocean, as they do nowadays from Magdelena 
Bay. 
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PHYSICAL HISTORY OF THE 
VALLEY OF THE AMAZONS. 

A YEAR or two ago I published in the 
" Atlantic Monthly," as part of a series 
of geological sketches, a number of articles on 
the glacial phenomena of the Northern hemi- 
sphere. To-day I am led to add a new chapter 
to that strange history, taken from the South- 
em hemisphere, and even from the tropics 
themselves. 

I am prepared to find that the statement 
oi this new phase of the glacial period will 
awaken among my scientific colleagues an 
opposition even more violent than that by 
which the first announcement of my views on 
this subject was met. I am, however, willing 
to bide my time; feeling sure that, as the 
theory of the ancient extension of glaciers in 
Europe has gradually come to be accepted by 
geologists, so will the existence of like phe« 

^omena, both in North and South America, 

7* 
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during the same epoch, be recognized sooner 
or later as part of a great series of physical 
events extending over the whole globe. In- 
deed^^when the ice-period ia fuUj understood, 
it will be seen that the absurdity lies in 
supposing that climatic conditions so intense 
could be limited to a small portion of the 
world's surface. If the geological winter ex- 
isted at all, it must have been cosmic ; and ifc 
is quite as rational to look for its traces in the 
Wes^Jem as in the Eastern hemisphere, to the 
south of the equator as to the north of it* 
Impressed by this wider view of the subject, 
Gonfizoned by a^ number of unpublished invest 
tigations which I have made during the laiM 
three or four years in the United States^ I 
came to South America, expecting to find ia 
the tropical regions new evidences of a bygone 
glacial period, though, of course, under diffeiw 
tut aspects. Such a result seemed to me the 
k^oal sequence of what I had already ob- 
served in Europe and in North America. 

On my arrival in Bio de Janeiro, — the port 
at'Which. I first landed in Brazil, — my atten^ 
tion was immediately attracted by a very pe* 
cnliar formatioa) consisting of an ochragaonBj 
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mghly ferruginous sandy clay. During a stay 
of three months in Bio, whence I made many 
excursions into the neighboring country, I had 
opportunities of studying this deposit, both in 
the province of Bio de Janeiro and in the 
adjoining province of Minas Geraes. I found 
that it rested everywhere upon the undulating 
surfaces of the solid rocks in place, was almost 
entirely destitute of stratification, and con- 
tained a variety of pebbles and boulders. The 
pebbles were chiefly quartz, sometimes scat- 
tered indiscriminately throughout the deposit, 
sometimes lying in a seam between it and the 
rock below; while the boulders were either 
sunk in its mass or resting loose on the suiv 
face. At Tijuca, a few miles out of the city 
of Bio, among the picturesque hills lying to 
the southwest of it, these phenomena may 
be seen in great perfection. Near Bennett's 
Hotel — a favorite resort, not only with the 
citizens of Bio but with all sojourners there 
who care to leave the town occasionally for its 
beautiful environs — may be seen a great num- 
ber of erratic boulders, having no connection 
whatever with the rock in place, and also a 
blufE of this superficial deposit sti^ded with 
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boulders, resting above the partially stratified 
metamorphic rock. Other excellent opportu- 
nities for observing this formation, also within 
easy reach from the city, are afforded along 
the whole line of the railroad of Dom Pedro 
Segundo, where the cuts expose admirable sec- 
tions, showing the red, unstratified, homoge- 
neous mass of sandy clay resting above the 
solid rock, and often divided from it by a thin 
bed of pebbles. There can be no doubt, in the 
mind of any one familiar with similar facts 
observed in other parts of the world, that this 
is one of the many forms of drift connected 
with glacial action. I was, however, far from 
anticipating, when I first met it in the neigh- 
borhood of Rio, that I should afterwards find 
it spreading over the surface of the country, 
from north to south and from east to west, 
with a continuity which gives legible connec- 
tion to the whole geological history of the 
continent. 

It is true that the extensive decomposition 
of the underlying rock, penetrating sometimes 
to a considerable depth, makes it often difficult 
to distinguish between it and the drift; and 
the problem is made still more puzzling by the 
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fact that the surface of the drift, when baked 
by exposure to the hot sun, often assumes the 
appearance of decomposed rock, so that great 
care is required for a correct interpretation of 
the facts. A little practice, however, trains 
the eye to read these appearances aright, and 
I may say that I have learned to recognize 
everywhere the limit between the two forma- 
tions. There is, indeed, one safe guide, name- 
ly, the undulating line, reminding one of roches 
moutonn^es, and marking the irregular surface 
of the rock on which the drift was accumu- 
lated; whatever modifications the one or the 
other may have undergone, this line seems 
never to disappear. Another deceptive fea- 
ture, arising from the frequent disintegration 
of the rocks and from the brittle character of 
some of them, is the presence of loode frag- 
ments, which simulate erratic boulders, but 
are in fact only detached masses of the rock 
in place. A careful examination of their struc- 
ture, however, will at once show the g^logist 
whether they belong where they are fouiid, or 
have been brought from a distance to their 
present resting-place. 
While the features to which I have alluded 
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are unquestionably drift phenomena, they pro- 
sent in their wider extension, and especially 
in the northern part of Brazil, as will hereafter 
be seen, some phases of glacial action hitlierto 
unobserved. Just as the investigation of the 
ice-period in the United States has shown us 
that ice-fields may move over open level plains, 
as well as along the slopes of mountain valleys, 
so does a study of the same class of facts in 
South America reveal new and unlooked-for 
features in the history of the ice-period. Some 
will say, that the fact of the advance of ice- 
fields over an open coiintiy is by no means es- 
tablished, inasmuch as many geologists believe 
all the so-called glacial traces, namely, stri», 
furrows, polish, etc., found in the United States, 
to have been made by floating icebergs at a 
time when the continent was submerged. To 
this I can only answer, that in the State of 
Maine I have followed, compass in hand, the 
same set of furrows, running from north to 
south in one unvarying line, over a surface of 
one hundred and thirty miles from the Katah- 
din Iron Range to the sea-shore. These fur- 
rows follow all the inequalities of tlie country, 
ascending rangea of hills varying from twelve 
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to fifteen hundred feet in height, and descend- 
uig into the intervening valleys only two or 
three hundred feet above the sea, or sometimes 
even on a level with it. I take it to be impos- 
sible that a floating mass of ice should travel 
onward in one rectilinear direction, turning 
neither to the right nor to the left, for such a 
distance. Equally impossible would it be for 
a detached mass of ice, swimming on the sur- 
face of the water, or even with its base sunk 
considerably below it, to furrow in a straight 
line the summits and sides of the hills, and 
the beds of the valleys. It would be carried 
over the depressions without touching bottom. 
Instead of ascending the mountains, it would 
remain stranded against any elevation which 
rose greatly above its own basis, and, if caught 
between two parallel ridges, would float up 
and down between them. Moreover, the action 
of solid, unbroken ice, moving over the ground 
in immediate contact with it, is so different 
from that of floating ice-rafts or icebergs, that, 
though the latter have unquestionably dropped 
erratic boulders, and made furrows and striaa 
on the surface where they happened to be 
grounded, these phenomena will easily be dis- 
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tmguished from the more connected traces of 
glaciers, or extensive sheets of ice, resting 
directly upon the face of the country and 
advancing over it. There seems to be an 
inextricable confusion, in the ideas of many 
geologists, as to the respective action of cur- 
rents, icebergs, and glaciers. The facts con- 
nected with these phenomena are in truth very 
different from each other, and easily recog- 
nized after the discrimination has once been 
made. As to the southward movement of an 
immense field of ice extending over the whole 
north, it seems inevitable, the moment we ad- 
mit that snow may accumulate around the pole 
in such quantities as to initiate a pressure 
radiating in every direction. Snow alternately 
thawing and freezing must, like water, find 
its level at last. A sheet of snow ten or fif- 
teen thousand feet in thickness, extending all 
over the northern and southern portions of the 
globe, must necessarily lead, in the end, to the 
formation of a northern and southern cap of 
ice, moving toward the equator. 

I have spoken of Tijuca and the Dom Pedro 
Railroad as favorable localities for studying 
the peculiar southern drift; but one meets it 
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in every direction. A sheet of drift, consist- 
ing of the same homogeneous, unstratified 
paste, and containing loose materials of all 
sori;s and sizes, covers the country. It is of 
very uneven thickness, — sometimes thrown 
into relief, as it were, by the surrounding den- 
udations, and rising into hills, — sometimes 
reduced to a thin layer, — sometimes, as, for 
instance, on steep slopes, washed entirely &way, 
leaving the bare face of the rock exposed. It 
has, however, remained comparatively undis- 
turbed on some very abrupt ascents; as, for 
instance, on the Gorcovado, along the path 
leading up the mountain, where there are very 
fine banks of drift, — the more striking from 
the contrast of their deep red color with the 
surrounding vegetation. I have myself fol- 
lowed this sheet of drift from Rio de Janeiro 
to the top of the Serra do Mar, where, just 
outside the pretty town of Petropolis, the river 
Piabanha may be seen flowing between banks 
of drift, in which it has excavated its bed; 
thence I have traced it along the beautiful 
macadamized road leading to Juiz de Fora in 
the province of Minas Geraes, and beyond this 
to the farther side of the Serra da Babylonia. 



/ 



162 PHYSICAL mSTOBT OF THE 

Throughout this whole tract of country, in the 
greater part of which travelling is easy and 
delightful, — an admirable line of diligences, 
over one of the finest roads in the world, being 
established as far as Juiz de Fora, — the drift 
may be seen along the roadside, in immediate 
contact with the native crystalline rock. The 
fertility of the land, also, is a guide to tlie 
presence of drift. Wherever it lies thickest 
over the surface, there are the most flourishing 
coffee-plantations ; and I believe tliat a more 
systematic regard to this fact would have a 
most beneficial influence upon the agricultural 
interests of the country. No doubt the fertil- 
ity arises from the great variety of chemical 
elements contained in the drift, and the knead- 
ing process it has undergone beneath the 
gigantic ice-plough, — a process which makes 
glacial drift everywhere the most fertile soil. 
Since my return from the Amazons, my im- 
pression as to the general distribution of these 
phenomena has been confirmed by the reports 
of some of my assistants, who have been 
travelling in other parts of the country. Mr. 
Frederick ^ Hartt, accompanied by Mr. Cope- 
land, one of the volunteer aids of the expedi^ 
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tion, has been making collections and geologi- 
cal observatums in the province of ^Sj^dtu & ' ;/ 
Santo, in the valley of the Rio Doce, and 
afterwards in the valley of the Mucury. He 
informs me that he has found everywhere the 
same sheet of red, unstratified clay, with peb- 
bles and occasional boulders, overlying the 
rock in place. Mr. Orestes St. John, who, 
taking the road through the interior, has vis- 
ited, with the same objects in view, the valleys 
of the Rio Sail Francisco and the Rio das Vel- 
has, and als6 the valley of Piauhy, gives the 
same account, with the exception that he 
found no erratic boulders in these more north- 
ern regions. The rarity of erratic boulders, 
not only in the deposits of the Amazons proper, 
but in those of the whole region which may be 
considered as the Amazonian basin, is account- 
ed for, as we shall see hereafter, by the mode 
of their formation. The observations of Mr. 
Hartt and Mr. St. John are the more valuable, 
because I had employed them both, on our 
first arrival in Rio, in making geological sur- 
veys of different sections on the Dom Pedro 
Railroad, so that they had a great familiarity 
with tliose formations before starting on their 
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separate journeys. Recently, Mr. St. John 
and myself having met at Pard^on returning 
from our respective journeys, I have had an 
opportunity of comparing on the spot his geo- 
logical sections from the valley of the Piauhy 
with the Amazonian deposits. There can be 
no doubt of the absolute identity of the forma- 
tions in these valleys. 

Having arranged the work of my assistants, 
and sent several of them to collect and make 
geological examinations in other directions, I 
myself, with the rest of my companions, pro- 
ceeded up the coast to Par&. I was surprised 
to find at every step of my progress the same 
geological phenomena which had met me at 
Rio. As the steamer stops for a number of 
hours, or sometimes for a day or two, at 
Bahia, Maceio, Pernambuco, Parahiba, Natal, 
Geara, and Maranham, I had many oppor- 
tunities for observation. My friend Major 
Goutinho, already an experienced Amazonian 
traveller, first told me that this formation con- 
tinued through the whole valley of the Ama- 
zons, and was also to be found on all of its 
affluents visited by him, although he had never 
thought of referring it to so recent a period. 
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And here let me interrupt the course of my 
remarks to s^, that the facts recorded in this 
article are by no means exclusively the result 
of my own investigations. They are in great 
part due to this able and intelligent young 
Brazilian, a member of the government corps 
of engineers, who, by the kindness of the 
Emperor, was associated with me in my Ama- 
zonian expedition. I can truly say that he 
has been my good genius throughout the whole 
journey, saving me, by his previous knowledge 
of the ground, from the futile and misdirected 
expenditure of means and time often inevita- 
ble in a new country, where one is imperfectly 
acquainted both with the people and their 
language. We have worked together in this 
investigation; my only advantage over him 
being my greater familiarity with like phenom- 
ena in Europe and North America, and conse- 
quent readiness in the practical handling of 
the facts, and in perceiving their connection. 
Major Coutinho's assertion, that on the banks 
of the Amazons I should find the same red, 
unstratified clay as in Rio and along the south- 
ern coast, seemed to me at first almost incredi- 
ble, impressed as I was with the generally 
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>Bceived notions as to the ancient eharacter 
bf the Amazonian deposits, refej^red by Hum- 
boldt to the Devonian, and by Martins to the 
Triassic period, and eonsidered by all travel- 
lers to be at least as old as the Tertiaries. 
The result, however, confirmed his report, at 
least so far as the component materials of the 
formation are concerned; but, as .will be seen 
hereafter, the mode of their deposition, and 
the time at which it took place, have not been 
^e same at the north and south; and this 
difference of circumstances has modified the 
uspect of a formation essentially the same 
tliroughout. At first sight, it would indeed 
appear that this formation, as it exists in the 
valley of the Amazons, is identical with that 
of Rio ; but it differs from it in the rarity of 
its boulders, and in showing occasional signs 
of sti*atification. It is also everywhere under- 
laid by coarse, well-stratified deposits, resem- 
bling somewhat the recife of Bahia and Per- 
nambuco ; whereas the unstratified drift of the 
south rests immediately upon the undulating 
surface of whatever rock happens to make the 
foundation of the country, whether stratified or 
crystalline. The peculiar sandstone on which 
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tiie Amazonian clay rests exists nowhere else. 
Before proceeding, however, to describe the 
Amazonian deposits in detail, I ought to say 
something of the nature and origin of the 
valley itself. 

The Yalley of the Amazons was first sketchecl 
out by the elevation of two tracts of land; 
namely, the plate§»u of Guiana on the north, 
and the central plateau of Brazil on the south. 
It is probable that, at the time these two table- 
lands were lifted above the sea-level, the Andes 
did not exist, and the ocean flowed between 
them tlirough an open strait. It would seem 
(and this is a curious result of modern geo* 
logical investigations) that the portions of the 
earth's surface earliest raised above the ocean 
have trended from east to west. The first 
tract of land lifted above the waters in North 
America was also a long continental island, 
running from Newfoundland almost to the 
present base of the Rocky Mountains. This 
tendency may be attributed to various causes, 
— to the rotation of the earth, the consequent 
depression of its poles, and the breaking of 
its crust along the lines of greatest tension 
thus produced. At a later period, th^ up- 
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heayal of the Andes took place, closing the 
western side of this strait, and thiis transform-* 
ing it into a gulf, open only toward the east. 
Little or nothing is known of the earlier strata 
ified deposits resting against the crystalline 
masses first uplifted in the Amazonian Yal^ 
ley. There is here no sequence, as in North 
America, of Azoic, Silurian, Devonian, and 
Carboniferous formations, shored up against 
each other by the gradual upheaval of the con- 
tinent, although unquestionably older palaeo- 
zoic and secondary beds underlie, here and 
there, tlie later formations. Indeed, Major 
Coutinho has found paleozoic deposits, with 
characteristic shells, in the valley of the Rio 
Tapajos, at the first cascade, and carboniferous 
deposits have been noticed along the Rio Gua- 
pore and the Rio Mamore. But the first chap- 
ter in the valley's geological history about 
which we have connected and trustworthy 
data is that of the cretaceous period. It seems 
certain, that, at the close of the secondary 
age, the whole Amazonian basin became lined 
with a cretaceous deposit, the margins of which 
crop out at various localities on its borders. 
They have been observed along its southern 
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limits, on its western outskirts along the An- 
des, in Venezuela along the shore-line of moun- 
tains, and also in certain localities near its 
eastern edge. I well remember that one of 
the first things which awakened my interest 
in the geology of the Amazonian Valley was 
the sight of some cretaceous fossil fishes from 
the province of Ceara. These fossil fishes were 
collected by Mr. George Gardner, to whom 
science is indebted for the most extensive in- 
formation yet obtained respecting the geology 
of that part of Brazil. In this connection, let 
me say that here and elsewhere I shall speak 
of the provinces of Ceara, Piauhy, and Maran- 
ham as belonging geologically to the Valley 
of the Amazons, though their shore is bathed 
by the ocean, and their rivers empty directly 
into the Atlantic. But I entertain no doubt, 
and I hope I may hereafter be able to show, 
that, at an earlier period, the northeastern 
coast of Brazil stretched much farther sea- 
ward than in our day ; so far, indeed, that in 
those times the rivers of all these provinces 
must have been tributaries of the Amazons in 
its eastward course. The evidence for this 
conclusion is substantially derived from the 

8 
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identity (d the deposits in the valleys belong- 
ing to these provinces with those of the valleys 
through which the actual tributaries of the 
Amazons flow ; as, for instance, the Tocantina, 
the Xingu, the Tapajos, the Madeira, etc. Be- 
sides the fossils above alluded to from the 
eastern borders of this ancient basin, I have 
had recently another evidence of its cretaceous 
character from its southern region. Mr. Wil- 
liam Ghandless, on his return from a late jour- 
ney on the Rio Purus, presented me with a 
series of fossil remains of the highest interest^ 
and undoubtedly belonging to the cretaceous 
period. They were collected by himself on 
the Rio Aquiry, an affluent of the Rio Purus. 
Most of them were found in place between the 
tenth and eleventh degrees of south latitude, 
and the sixty-seventh and sixty-ninth degrees 
of west longitude from Greenwich, in localities 
varying from 430 to 650 feet above the sea- 
level. Tliere are among them remains of 
Mososaurus, and of fishes closely allied to 
those already represented by Faujas in his 
description of Maestricht, and characteristic, 
as is well known to geological students, of the 
most recent cretaceous period* 
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Thus in its main featores the Yalley of tho- 
Amazons, like that of the Mississippi, is a 
cretaceous basin. This resemblance suggests 
a further comparison between the twin contir 
nents of North and South America. Not only 
is their general form the same, but their frame- 
work, as we may call it, that is, the lay of their 
great mountain-chains and of their table-lands, 
with the extensiye intervening depressions, 
presents a striking similarity. Indeed, a zp-i 
ologist, accustomed to trace a like structure 
under variously modified animal forms, cannot 
but have his homological studies recalled to 
his mind by the coincidence between certain 
physical features in the northern and southerq 
parts of the Western hemisphere. Yet here, 
as throughout all nature, tliese correspond- 
ences are combined with a distinctness of in-* 
dividualization, which leaves its respective 
character not only to each continent as n 
whole, but also to the different regions circun^- 
scribed within its borders. In both, however, 
the highest mountain-chains, the Bocky Moun^ 
tains and Coast Range with their wide inter- 
vening table-land in North America, and th^ 
obmn of tho And^s with its leaser plateaus in 
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South America, run along the western coast ; 
both have a great eastern promontory, — New- 
foundland in the northern continent, and Cape 
St. Roque in the southern ; — and though the 
resemblance between the inland elevations is 
perhaps less striking, yet the Canadian range, 
the White Mountains, and the Alleghanies 
may very fairly be compared to the table-lands 
of Guiana and Brazil, and the Serra do Mar. 
Similar correspondences may be traced among 
the river systems. The Amazons and the St. 
Lawrence, though so different in dimensions, 
remind us of each other by their trend and 
geographical position; and while the one is 
fed by the largest river system in the world, 
the other drains the most extensive lake Sur- 
faces known to exist in immediate contiguity. 
The Orinoco, with its bay, recalls Hudson's 
Bay and its many tributaries, and the Bio 
Magdalena may be said to be the South Amer- 
ican Mackenzie; while the Bio de la Plata 
represents geographically our Mississippi, and 
the Paraguay recalls the Missouri. The Pa- 
rana may be compared to the Ohio ; the Pil-* 
cojnayo, Vermejo, and Salado rivers, to the 
Biver Platte, the Arkansas, and the Bed Biver 
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in the United States ; while the rivers farther 
south, emptying into the Gulf of Mexico, rep- 
resent the rivers of Patagonia and the south- 
ern parts of the Argentine Republic. Not 
only is there this general correspondence be- 
tween the mountain elevations and the river 
systems, but as the larger river basins of 
North America — those of the St. Lawrence, 
the Mississippi, and the Mackenzie — meet in 
the low tracts extending along the foot of the 
Rocky Mountains, so do the basins of the 
Amazons, the Rio de la Plata, and the Orinoco 
join each other along the eastern slope of the 
Andes. 

But while in geographical homology the 
Amazons compares with the St. Lawrence, 
and the Mississippi with the Rio de la Plata, 
the Mississippi and the Amazons, as has been 
said, resemble each other in their local geo- 
logical character. They have both received 
a substratum of cretaceous beds, above which 
are accumulated their more recent deposits, so 
that, in their most prominent geological fea- 
tures, both may be considered as cretaceous 
basins, containing extensive deposits of a very 
recent age. Of the history of the Amazonian 
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Valley during the periods immediatelj follow^ 
ing the cretaceous, we know little or nothing. 
Whether the tertiary deposits are hidden un- 
der the more modern ones, or whether they 
are wholly wanting, the basin having, perhaps, 
been raised above the sea-level before that 
time, or whether they have been swept away 
by the tremendous inundations in the valley, 
which have certainly destroyed a great part of 
the cretaceous deposit, they have never been 
observed in any part of the Amazonian basin. 
Whatever tertiary deposits are represented in 
geological maps of this region are so marked 
in consequence of an incorrect identification 
of strata belonging, in fact, to a much more 
recent period. 

A minute and extensive survey of the Val- 
ley of the Amazons is by no means an easy 
task, and its difficulty is greatly increased by 
the fact that the lower formations are only 
accessible on the river margins during the 
vasatUCj as it is called, or dry season, when 
the waters shrink in their beds, leaving a great 
part of their banks exposed. It happened that 
the first three or four montiis of my journey, 
August) September, October, and November, 



VALLEY OF THB AMAZONS. 175 

-were those when the waters are lowest, — 
reaching their minimum in September and 
October, and beginning to rise again in No* 
vember, — so that I had an excellent oppor- 
tunity in ascending the river to observe its 
geological structure. Throughout its whole 
length, three distinct geological formations 
may be traced, the two lower of which have 
followed in immediate succession, and are con* 
formable with one another, while the third 
rests uuconformably upon them, following all 
the inequalities of the greatly denudated sur» 
face presented by the second formation. Not- 
withstanding this seeming interruption in the 
sequence of these deposits, the third, as we 
shall presently see, belongs to the same series, 
and was accumulated iji the same basin. The 
lowest set of beds of the whole series is rarely 
visible, but it seems everywhere to consist of 
sandstone, or even of loose sands well strati- 
fied, the coarser materials lying invariably 
below, and the finer above. Upon this lower 
set of beds rests everywhere an extensive de^ 
posit of fine laminated clays, varying in thickr 
ness, but frequently dividing into layers a$ 
thin as a sheet of paper. In sgme looc^tie^ 
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they exhibit in patches an extraordinary vari- 
ety of beautiful colors, — pink, orange, crim- 
son, yellow, gray, blue, and also black and 
white. The Indians are very skilful in pre- 
paring paints from these colored clays, with 
which they ornament their pottery, and the 
bowls of various shapes and sizes made from 
the fruit of the Cuieira-tree. These clay de- 
posits assume occasionally a peculiar appear- 
ance, and one which might mislead the ob- 
server as to their true nature. When their 
surface has been long exposed to the action of 
the atmosphere and to the heat of the burning 
Sim, they look so much like clay slates of the 
oldest geological epochs, that, at first sight, I 
took them for primary slates, my attention 
being attracted to them by a regular cleavage 
as distinct as that of the most ancient clay 
slates. And yet at Tonantins, on the banks 
of the Solimoens, in a locality where their 
exposed surfaces had this primordial appear- 
ance, I found in these very beds a considerable 
amount of well-preserved leaves, the character 
of which proves their recent origin. These 
leaves do not even indicate as ancient a period 
as the Tertiaries, but resemble so closely the 



VALLEY OF THE AMAZONS. . 177 

• 

vegetation of to-day, that I have no doubt, 
when examined by competent authority, they 
will be identified with living plants. The 
presence of such an extensive clay formation, 
stretching over a surface of more than three 
thousand miles in length and about seven 
hundred in breadth, is not easily explained 
under any ordinary circumstances. The fact 
that it is so thoroughly laminated shows that, 
in the basin in which it was formed, the 
waters must have been unusually quiet, con- 
taining identical materials throughout, and 
that these materials must have been deposited 
over the whole bottom in the same way. 
It is usually separated from the superincum- 
bent beds by a glazed crust of hard, compact 
sandstone, almost resembling a ferruginous 
quartzite. 

Upon this follow beds of sand and sand- 
stone, varying in the regularity of their strata, 
reddish in color, often highly ferruginous, and 
more or less nodulous or porous. They pre- 
sent frequent traces of cross-stratification, al- 
ternating with regularly stratified horizontal 
beds, with here and there an intervening layer 
of day. It would seem as if the character of 

8* L 
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the water basin had now changed, and as i| 
the waters under which this second formation 
was deposited had vibrated between storxn and 
calniy-^-had sometimes flowed more gently , 
and again had been tossed to and fro, — giv- 
ing to some of the beds the aspect of true 
torrential deposits. Indeed, these sandstone 
formations present a great variety of aspects, 
Sometimes they are very regularly laminated, 
or assume even the appearance of the hardest 
quartzite. This is usually the case with the 
uppermost beds. In other localities, and more 
especially in the lowermost beds, the whole 
mass is honeycombed, as if drilled by worms 
or boring shells, the hard parts enclosing 
softer sands or clays. Occasionally the ferru-* 
ginous materials prevail to such an extent, 
that some of these beds might be mistaken for 
bog ore, while others contain a large amount 
of clay, more regularly stratified, and alternate 
ing with strata of sandstone, thus recalling tli^ 
most characteristic forms of the Old Bed or 
Triassic formations. This resemblance has, 
no doubt, led to the identification of the Ama- 
zonian deposits with the more ancient f ormar 
tions of Europe. At Monte AJIegrei of whiob 
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I shall presently speak more in detail, suck 
% clay bed divides the lower from the upper 
sandstone. The thickness of these sandstones 
is extremely variable. In the basin of the 
Amazons proper, they hardly rise anywhere 
above the level of high water during the rainy 
season, while at low water, in the summer 
months, they may be seen everywhere along 
the river-banks. It will be seen, however, that 
the limit between high and low water gives no 
true measure of the original thickness of the 
whole series. 

In the neighborhood of Almeirim, at a short 
distance from the northern bank of the river, 
and nearly parallel with its course, there rises 
a line of low hills, interrupted here and there, 
but extending in evident connection from Al- 
meirim through the region of Monte Alegre to 
tlie heights of Obydos, These hills have atr 
tracted the attention of travellers, not only 
from their height, which, because they rise ab- 
ruptly from an extensive plain, appears greater 
than it is, but also oil accoimt of their curious 
form, many of them being perfectly level on 
top, like smooth tables, and very abruptly 
divided from each other by low, intervening 
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spaces.* Nothing has hitherto been known of 
the geological structure of these hills, but they 
have been usually represented as the southern- 
most spurs of the table-land of Guiana. On 
ascending the river, I felt the greatest curi- 
osity to examine them ; but at the time I was 
deeply engrossed in studying the distribution 
of fishes in the Amazonian waters, and in 
making large ichthyological collections, for 
which it was very importaht not to miss the 
season of low water, when the fishes are most 
easily obtained. I was, therefore, obliged to 
leave this most interesting geological problem, 
and content myself with examining the struc- 
ture of the valley so far as it could be seen on 
the river-banks and in the neighborhood of my 
different collecting stations. On my return, 
however, when my collections were completed, 
I was free to pursue this investigation, in 
which Major Coutinho was as much interested 
as myself. We determined to select Monte 
Alegre as the centime of our exploration, the 
serra in that region being higher than else- 

* The atlas in Martdus's Journey to Brazil, or the sketch 
accompanying Bates's description of these hills in his Natu- 
ralist on the Amazons, will give an idea of their aspect 
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where. As I was detained by indisposition 
at Manaos, for some days, at the time we had 
appointed for the excursion, Major Goutinho 
preceded me, and had already made one trip to 
the serra, with some very interesting results, 
when I joined him, and we made a second 
journey together. 

Monte Alegre lies on a side arm of the Ama- 
zons, a little off from its main course. This 
side arm, called the Rio Gurupatuba, is simply 
a channel running parallel with the Amazons, 
and cutting through from a higher to a lower 
point. Its dimensions are, however, greatly 
exaggerated in all the maps thus far published, 
where it is usually made to appear as a con- 
siderable northern tributary of the Amazons. 
The town stands on an elevated terrace, sep- 
arated from the main stream by the Rio Guru- 
patuba, and by an extensive flat, consistmg of 
numerous lakes divided from each other by 
low alhivial land, and mostly connected by 
narrow channels. To the west of the town, 
this terrace sinks abruptly to a wide sandy 
plain called the Campos, covered with a low 
forest growth, and bordered on its farther limit 
by the picturesque serra of Errerd. The form 
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ei this mountain is so abrupt, its rise from 
the plain so bold and sudden, that it seems 
more than twice its real height. Judging by 
the eye, and comparing it with the mountains 
I had last seen, — the CorcoTado, the Gavia 
and Tijuca range in the neighborhood of 
Rio, — I had supposed it to be three or four 
thousand feet high, and was greatly astonished 
when our baromeWc obseryTtions showed it 
to be somewhat less than nine hundred feet in 
its most elevated point. This, however, agrees 
with Martius's measurement of the Almeirim 
hills, which he says are eight hundred feet in 
height. 

Major Coutinho and I reached the serra by 
different roads ; he crossing the Campos on 
horseback with Captain Faria, the commander 
of our steamer and one or two other friends 
from Monte Alegre who joined our party, 
while I went by canoe. The canoe journey is 
somewhat longer. A two-hours' ride across 
the Campos brings you to the foot of the 
mountain, whereas the trip by boat takes more 
than twice that time. But I preferred going 
by water, as it gave me an opportunity of see- 
ing the vast variety of animals haunting the 
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river-banks and lakes. As this was almost 
the only occasion in aU my journey when I 
passed a day in the pure enjoyment of nature, 
without the labor of collecting, — which in this 
hot climate, where specimens require such im- 
mediate and constant attention, is very great, 
— I am tempted to interrupt our geology for 
a moment, to give an account of it. I learned 
how rich a single day may be in this won- 
derful tropical world, if one's eyes are only 
open to the wealth of animal and vegetable 
life. Indeed, a few hours so spent in the 
field, in simply watching animals and plants, 
teaches more of the distribution of life than 
a month of closet study ; for under such cir- 
cumstances all things are seen in their true 
relations. Unhappily, it is not easy to pre- 
sent the picture as a whole, for all our written 
descriptions are more or less dependent on 
nomenclature, and the local names are hardly 
known out of the districts where they belong, 
while systematic names are familiar to few. 

I started before daylight ; but, as the dawn 
began to redden tlie sky, large flocks of ducks, 
and of the small Amazonian geese, might be 
seen flying towards the lakes. Here and there 
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a cormorant sat alone on the branch of a dead 
tree, or a kingfisher poised himself over the 
water, watching for his prey. Numerous gulls 
were gathered in large companies on the trees 
along the river-shore; alligators laj on its 
surface, diving with a sudden plasli at the ap- 
proach of our canoe ; and occasionally a por- 
poise emerged from the water, showing himself 
for a moment and then disappearing again. 
Sometimes we startled a herd of capivara, 
resting on the water^s edge ; and once we saw 
a sloth, sitting upon the branch of an Imbauba 
(Cecropia) tree, rolled up in its peculiar atti- 
tude, the very picture of indolence, with its 
head sunk between its arms. Much of the 
river-shore consisted of low alluvial land, and 
was covered with that peculiar and beautiful 
grass known as Capim ; this grass makes an 
excellent pasturage for cattle, and the abun- 
dance of it in this region renders the district 
of Monte Alegre very favorable for agricultural 
purposes. Here and there, where the red clay 
soil rose above the level of the water, a palm- 
thatched cabin stood on the low bluff, with . a 
few trees about it. Such a house was usually 
the centre of a cattle-farm, and large herds 
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might be seen grazing in the adjoining fields. 
Along the river-banks, where the country 
is chiefly open, with extensive low marshy 
grounds, the only palm to be seen is the Ma- 
raja. After keeping along the Rio Gurupa- 
tuba for some distance, we turned to the right 
into a narrow stream, which has the charac- 
ter of an Igarap^ * in its lower course, though 
higher up it drains the country between the 
serra of Errer^ and that of Tajury, and assumes 
the appearance of a small river. It is named 
after the serra, and is known as the Rio 
Errer^. This stream, narrow and picturesque, 
and often so overgrown with capim that the 
canoe pursued its course with difiiculty, passed 
through a magnificent forest of the beautiful 
fan-palm, called here the Miriti (^MaurUia flex- 
uosa). This forest stretched for miles, over- 
shadowing a kind of underbrush, formed of 
many smaller trees and innumerable shrubs, 
some of which bore bright, conspicuous flowers. 
It seemed to me a strange spectacle, — a forest 
of monocotyledonous trees with a dicotyledo- 
nous undergrowth; the inferior plants thus 
towermg above and sheltering the superior 

* Water-path in the forest. 
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ones. Among the lower trees were many Le- 
gnminossB, — one of the most striking, called 
Fava, h|Lving a colossal pod. The whole mass 
of vegetation was woven together by innnmer- 
able lianas and creeping vines, in the midst 
of which the flowers of the Bignonia, with its 
open, trumpet-shaped corolla, were conspicn- 
ous. The capim was bright with the blossoms 
of the mallow growing in its midst, and was 
often edged with the broad-leaved Aninga, a 
large aquatic Arum. 

Through such a forest, where the animal 
life was no less rich and varied than the vege- 
tation, our boat glided slowly for hours. The 
number and variety of birds struck me with 
astonishment. The coarse sedgy grasses on 
either side were full of water birds, one of the 
most common of which was a small chestnut- 
brown wading bird, the Jagana (Parra), whose 
toes are inmiensely long in proportion to its 
size, enabling it to run upon the surface of the 
aquatic vegetation as if it were solid ground. 
It was in the month of January, their breed- 
ing season, and at every turn of the boat we 
started them up in pairs. Their flat, open 
nests generally contained five flesh-colored 
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eggs, streaked in zigzag with dark brown 
lines. The other waders were a snow-white 
heron, another ash-colored, smaller species, 
and a large white stork. The ash-colored 
herons were always in pairs, the white one 
always single, standing quiet and alone on 
the edge of the water, or half hidden in the 
green capim. The trees and bushes were full 
of small warbler-like birds, which it would 
be difficult to characterize separately. To the 
ordinary observer they might seem like the 
small birds of our woods ; but there was one 
species among them which attracted my atr 
tention by its numbers, and also because it 
builds the most extraordinary nest, consider* 
ing the size of the bird itself, that I have ever 
seen. It is known among the country people 
by two names, as the Pedreiro or the Fomeiro, 
both names referring, as will be seen, to the 
nature of its habitation. This singular nest 
is built of clay, and is as hard as stone 
(pedra), while it has the form of the round 
mandioca oven (^fomo) in which the country 
people prepare their farinha, or flour, made 
from the mandioca root. It is about a foot 
in diameter, and stands edgewise upon a 
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branch, or in the crotch of a tree. Among 
the smaller birds, I noticed bright Tanagers, 
and.also a species resembling the canarj. Bo- 
sides these, there were the wagtails, the black 
and white widow finches, the hang-nests, or 
Jap6, as they are called here, with their pen- 
dent bag-like dwellings, and the familiar ^'Bem 
ti vi." Humming-birds, which we are always 
apt to associate with tropical vegetation, were 
very scarce. I saw but a few specimens. 
Tlirushes and doves were more frequent, and 
I noticed also three or four kinds of wood- 
peckers. Of the latter there were countless 
numbers along our canoe path, flying overhead 
in dense crowds, and, at times, drowning every 
other sound in their high, noisy chatter. These 
made a deep impression upon me. Indeed, in 
all regions, however far away from his own 
home, in the midst of a fauna and flora en- 
tirely new to him, the traveller is startled 
occasionally by the song of a bird or the sight 
of a flower so familiar that it transports him 
at once to woods where every tree is like a 
friend to him. It seems as if something akin 
to what in our own mental experience we call 
reminiscence or association existed in the 
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workings of nature ; for though the organic 
combinations are so distinct in different cli- 
mates and countries, they never wholly exclude 
each other. Every zoological and botanical 
province retains some link which binds it to 
all the rest, and makes it part of the general 
harmony. The Arctic lichen is found growing 
under the shadow of the palm on the rocks 
of the tropical serra, and the song of the 
thrush and the tap of the woodpecker mingle 
with the sharp discordant cries of the parrot 
and paroquet. 

Birds of prey, also, were not wanting. Among 
them was one called the Red Hawk, about the 
size of our kite, so tame that, even when our 
canoe passed immediately under the low branch 
on which he was sitting, he did not fly away. 
But of all the groups of birds, the most strik- 
ing as compared with corresponding groups 
in the temperate zone, and the one which re- 
minded me the most distinctly of the fact that 
every region has its peculiar animal world, 
was that of the gallinaceous birds. The most 
frequent is the Cigana, to be seen in groups 
of fifteen or twenty, perched upon trees over- 
hanging the water, and feeding upon berries. 
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At night they roost in pairs, but in the day- 
time are always in larger companies. In their 
appearance they have something of the charac- 
ter of both the pheasant and peacock, and 
yet do not closely resemble either. It is a 
curious fact, that, with the exception of some 
small partridge-like gallinaceous birds, all the 
representatives of this family in Brazil, and 
especially in the Valley of tlie Amazons, 
belong to types which do not exist in other 
parts of the world. Here we find neither 
pheasants, nor cocks of the woods, nor grouse ; 
but in their place abound the Mutun, the Ja§u, 
the Jacami, and the Unicorn (Crax, Penelope, 
Psophia, and Palamedea), all of which are so 
remote from the gallinaceous types found far- 
ther north, that they remind one quite as 
much of the bustard, and other ostrich-like 
birds, as of the hen and pheasant. They 
differ also from Northern gaUinaceous birds 
in the greater uniformity of the sexes, none of 
them exhibiting those striking differences be- 
tween the males and females which we see in 
the pheasants, the cocks of the woods, and in 
our barn-yard fowls. While birds abounded 
in Buch numbers, insects were rather scarce. 



VALLEY OF THE AMAZONS. 191 

I saw but few and small butterflies, and beetles 
were still more rare. The most numerous 
insects were the dragon-flies, — some with 
crimson bodies, black heads, and burnished 
wings ; others with large green bodies, crossed 
by blue bands. Of land shells I saw but one 
creeping along the reeds ; and of water shells 
I gathered only a few small Ampullariae. 

Having ascended the river to a point nearly 
on a line with the serra, I landed, and struck 
across the Campos on foot. Here I entered 
upon an entirely different region, — a dry, 
open plain, with scanty vegetation. Tlie most 
prominent plants were clusters of cactus and 
curua palms, a kind of stemless, low palm, 
with broad elegant leaves springing vase-like 
from the ground. In these dry, sandy fields, 
rising gradually toward the serra, I observed 
in the deeper gullies formed by the heavy 
rains the laminated clays which arc every- 
where the foundation of the Amazonian strata. 
They here presented again so much the char- 
acter of ordinary clay slates, that I thought 
I had at last come upon some old geological 
formation. Instead of this I only obtained 
fresh evidence that, by baking them> the burn- 
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ing sun of the tropics maj produce upon lam- 
inated clays of recent origin the same effect 
as plutonic agents have produced upon the 
ancient clays, that is, it may change them into 
metamorphic slates. 

After an hour^s walk under the scorching 
sun, I was glad to find myself at the hamlet 
of Errer^, near the foot of the serra, where I 
rejoined my companions. It was already noon, 
and they had arrived some time before. They 
had, however, waited breakfast for me, to 
which we all brought a good appetite. Break- 
fast over, we slung our hammocks under the 
trees, and during the heat of the day enjoyed 
the rest which we had so richly earned. 

Major Coutinho and myself passed three 
days in the investigation of the serra of 
Errer^. We found it to consist wholly of 
the sandstone deposits described above, and 
to have exactly the same geological consti- 
tution. In short, the serra of Monte Alegre, 
and of course all those connected with it on 
the northern side of the river, lie in the pro- 
longation of the lower beds forming the banks 
of the river, their greater height being due 
simply to the fact that they have not been 
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worn to the same low level. The opposite 
range of Santarem, which has the same gen- 
eral outline and character, shares, no doubt, the 
same geological structure. In' one word, all 
these hills were formerly part of a continuous 
formation, and owe their present outline and 
their isolated position to a colossal denudation. 
The surface of the once unbroken strata, which 
in their ori^nal condition must have formed 
an imtnense plain covered by water, has been 
cut into ravines or carried away over large 
tracts, to a greater or less depth, leaving only 
such portions standing as from their hardness 
could resist the floods which swept over it. 
The lon^tudinal trend of these hills is to be 

• 

ascribed to the direction of the current which 
caused the denudation, while their level sum- 
mits are due to the regularity of the stratifica- 
tion. They are not all table-topped, however ; 
among them are many of smaller size, in which 
the sides have been gradually worn down, pro- 
ducing a gently rounded surface. Of course, 
under the heavy tropical rains this denudation 
is still going on, though in a greatly modified 
form. 
I cannot leave tliis serra without alluding 

M 
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to the great beauty and extraordinary extent 
of the view to be obtained from it. Indeed, 
it was here that for the first time the geogra- 
phy of the comitry presented itself to my mind 
as a living reality, in all its completeness. 
Insignificant as is its actual height, the serra 
of Errer^ commands a wider prospect than is 
to be had from many a more imposing moun- 
tain ; for the surrounding plain, covered with 
forests, and ploughed by countless rivers, 
stretches away for hundreds of leagues in 
every direction, without any object to obstruct 
the view. Standing on the brow of the serra 
"iiith the numerous lakes intersecting the low 
kuds at its base, you look across the Valley 
ot the Amazons, as far as the eye can reach,* 
and through its midst you follow for miles on 
either side the broad flood of the great river, 
carrying its yellow waters to the sea. As I 
stood there, panoramas from the Swiss moun- 
tains came up to my memory, and I fancied 
myself standing on the Alps, looking across 
the plain of Switzerland, instead of the bed 
of the Amazons, the distant line of the San- 
tarem hills on the southern bank of the river 
and lower than the northern chain repre- 
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senting the Jura range. As if to complete 
the comparison, I found Alpine lichens grow- 
ing among cactus and palms, and a crust of 
Arctic cryptogamous growth covered rocks 
between which sprang tropical flowers. On 
the northern flank of this serra I found the 
only genuine erratic boulders I have seen in 
the whole length of the Amazonian Valley, 
from Par4 to the frontier of Peru, though 
there are many detached masses of rock, as, 
for instance, at Pedreira, near the junction of 
the Rio Negro and Rio Branco, which might 
be mistaken for them, but are due to the 
decomposition of the rocks in place. The 
boulders of Errer^ are entirely distinct from 
the rock of the serra, and consist of masses of 
compact hornblende. 

It would seem that these two ranges skirt- 
ing a part of the northern and southern banks 
of the Lower Amazons are not the only rem- 
nants of this arenaceous formation in its prim- 
itive altitude. On the banks of the Japura, in 
the serra of Cupati, Major Coutinho has found 
the same beds rising to the same height. It 
thus appears, by positive evidence, that over an 
extent of a thousand miles these deposits had 
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a very considerable thickness in the present 
direction of the valley. How far they ex- 
tended in width has not been ascertained by 
direct observation, for we have not seen how 
they sink away to the northward, and towards 
the south the denudation has been so complete 
that, except in the very low range of hills in 
the neighborhood of Santarem, they do not 
rise above the plain. But the fact that this 
formation once had a thickness of more than 
eiglit hundred feet within the limits where we 
have had an opportunity of observing it, leaves 
no doubt that it must have extended to the 
edge of the basin, filling it to the same height 
throughout its whole extent. The thickness 
of the deposits gives a measure for the colos- 
sal scale of the denudations by which this 
immense accumulation was reduced to its pres- 
ent level. Here, then, is a system of high hills, 
having the prominence of mountains in the 
landscape, produced by causes to whose agency 
inequalities on the earth's surface of this mag- 
nitude have never yet been ascribed. We may 
fairly call them denudation mountains. 

At this stage of the inquiry we have to ac- 
count for two remarkable phenomena. Firsti 
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the filling of the Amazonian bottom with 
coarse arenaceous materials and finely lami- 
nated clays, immediately followed by sand- 
stones rising to a height of more than eight 
hundred feet above the sea; the basin mean- 
while having no rocky barrier towards the 
ocean on its eastern side. Second, the wear- 
ing away and reduction of these formations to 
their present level, by a denudation, more ex- 
tensive than any thus far recorded in the 
annals of geology, which has given rise to all 
the most prominent hills and mountain chains 
along the northern bank of the river. Before 
seeking an explanation of these facts, let us 
look at the third and uppermost deposit. 

This deposit, essentially the same as the 
Bio drift, has been minutely described above ; 
but in the north it presents itself under a 
somewhat different aspect. As in Bio, it is 
a clayey deposit, containing more or less sand, 
and reddish in color, though varying from 
deep ochre to a brownish tint. It is not so 
absolutely destitute of stratification here, as 
in its more southern range, though the traces 
of stratification are rare, and, when they do 
occur, are faint and indistinct. The mate- 
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rials are also more completely comminuted, 
and, as I have said above, contain hardly any 
large masses, though quartz pebbles are some- 
times scattered throughout the deposit, and oc- 
casionally a thin seam of pebbles, exactly as in 
the Rio drift, is seen resting between it and 
the underlying sandstone. In some places tliis 
bed of pebbles even intersects the mass of the 
clay, giving it in such instances an unques- 
tionably stratified character. There can be no 
question that this more recent formation rests 
unconformably upon the sandstone beds be- 
neath it ; for it fills all the inequalities of their 
denudated surfaces, whether they be more or 
less limited furrows, or wide, undulating de- 
pressions. It may be seen everywhere along 
the banks of the river, above the stratified 
sandstone, sometimes with the river mud accu- 
mulated against it; at the season of tlie erir 
chente, or high water, it is the only formation 
left exposed above the water level. Its thick- 
ness is not great; it varies from twenty or 
thirty to fifty feet, and may occasionally rise 
nearly to a hundred feet in height, thougli this 
is rarely the case. It is evident that this for- 
mation also was once continuous, stretching 
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over the whole basin at one level. Though it 
is now worn down in many places, and has 
wholly disappeared in others, its connection 
may be readily traced ; since it is everywhere 
visible, not only on opposite banks of the 
Amazons, but also on those of all its tributa- 
ries, as far aa their shores have been exam- 
ined. I have said that it rests always above 
the sandstone beds. This is true, with one 
exception. Wherever the sandstone deposits 
retain their original thickness, as in the hills 
of Monte Alegre and Almeirim, the red clay 
is not found on their summits, but occurs only 
in their ravines and hollows, or resting against 
their sides. This shows that it is not only 
posterior to the sandstone, but was accumu- 
lated in a shallower basin, and consequently 
never reached so high a level. The boulders 
of Er/cr^ do not rest on the stratified sand- 
stone of the serra, but are sunk in the un- 
stratified mass of the clay. This should be 
remembered, as it will presently be seen that 
their position associates them with a later 
period than that of the mountain itself. The 
unconformability of the ochraceous clay and 
the underlying sandstones might lead to the 
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idea that the two formations belong to distinct 
geological periods, and are not due to the 
same agency, acting at successive times. One 
feature, however, shows their close connection. 
The ochraceous clay exhibits a remarkable 
identity of configuration with the underlying 
sandstones. An extensive survey of the two, 
in their mutual relations, shows clearly that 
they were both deposited by the same water- 
system within the same basin, but at different 
levels. Here and there the clay formation has 
so pale and grayish a tint, that it may be con- 
founded with the mud deposits of the river. 
These latter, however, never rise so high as 
the ochraceous clay, but are everywhere con- 
fined within the limits of high and low water. 
The islands also in the main course of the 
Amazons consist invariably of river-mud, while 
those arising from the intersection and cut- 
ting off of portions of the land by diverging 
branches of the main stream always consist 
of the well-known sandstones, capped by the 
ochre-colored clay. 

It may truly be said that there does not exist 
on the sui*face of the earth a formation known 
to geologists resembling that of the Amazons. 
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Its extent is stupendous; it stretches from 
the Atlantic shore, through the whole width 
of Brazil, into Peru, to the very foot of the 
Andes. Humboldt speaks of it " in the vast 
plains of the Amazons, in the eastern boun- 
dary of Jaen de Bracamoros," and says," This 
prodigious extension of red sandstone in the 
low grounds stretching along the east of the 
Andes is one of the most striking phenomena 
I observed during my examination of rocks 
in the equinoctial regions." * When the great 
natural philosopher wrote these lines, he had 
no idea how much these deposits extended 
beyond the field of his observations. Indeed, 
they are not limited to the main bed of the 
Amazons ; tiiey have been followed along the 

* Bohn*s edition of Humboldt's Personal Narrative, p. 134. 
Humboldt alludes to these formations repeatedly : it is true 
that he refers them to the ancient conglomerates of the 
Devonian a^, but his description agrees so perfectly with 
what I have observed along the banks of the Amazons, that 
there can be no doubt he speaks of the same thing. He 
wrote at a time when many of the results of modem geology 
were unknown, and his explanation of the phenomena was 
then perfectly natural. The passage from which the few 
lines in the text are taken shows that these deposits extend 
even to the Llanos. 

9* 
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banks of its tributaries to the south and north 
as far as these have been ascended. They 
occur on the margins of the Huallaga and 
the Ucayale, on those of the I^a, the Jutahy, 
the Jurua, the Japura, and the Purus. On the 
banks of the Japura, where Major Goutinho 
has traced them, they are found as far as the 
Cataract of Cupati. I have followed them 
along the Rio Negro to its junction with the 
Bio Branco ; and Humboldt not only describes 
them from a higher point on this same river, 
but also from the valley of the Orinoco. Fi- 
nally, they may be tracked along the banks of 
the Madeira, the Tapajos, the Xingu, and the 
Tocantins, as well as on the shores of the 
Guatuma, the Trombetas, and other northern 
affluents of the Amazons. The observations 
of Martins, those of Gardner, and the recent 
survey above alluded to, made by my assistant, 
Mr. St. John, of the valley of the Rio Gu- 
ruguea and that of the Rio Paranahyba, show 
that the great basin of Piauhy is also identi- 
cal in its geological structure with the lateral 
valleys of the Amazons. The same is true 
of the large island of Marajo, lying at the 
mouth of the Amazons. And yet I believe that 
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even this does not cover the whole ground, 
and that some future writer may say of my 
estimate, as I have said of Humboldt's, that it 
falls short of the truth ; for, if my generaliza- 
tions are correct, the same formation will be 
found extending over the whole basin of the 
Paraguay and the Bio de la Plata, and along 
their tributaries, to the very heart of the 
Andes. 

Such are the facts. ,.The question now 
arises ; how were these vast deposits formed ? 
The easiest answer, and the one which most 
readily suggests itself, is that of a submersion 
of the continent at successive periods to allow 
the accumulation of these materials, and its 
subsequent elevation. I reject this explana- 
tion for the simple reason that the deposits 
show no sign whatever of a marine origin. No 
sea-shells nor remains of any marine animal 
have as yet been found throughout their whole 
extent, over a region several thousand miles 
in length, and from five to seven hundred miles 
in width. It is contrary to all our knowledge 
of geological deposits to suppose that an ocean 
basin of this size, which must have been sub- 
merged during an immensely long period in 
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order to accumulate formations of such a thick- 
ness, should not contain numerous remains 
of the animals formerly inhabiting it.* The 
only fossil remains of any kind truly belong- 
ing to it, which I have found in the formation, 
are the leaves mentioned above, taken from 
the lower clays on the banks of the Solimoens 
at Tonantins ; and these show a vegetation sim- 
ilar in general character to that which prevails 
there to-day. Evidently, then, this basin was 

* I am aware that Bates mentions having heard, that at 
Ohydos, calcareous layers, thickly studded with marine shells, 
bad been found interstratified with the clay, but he did not 
himself examine the strata. The Obydos shells are not ma- 
rine, but are fresh-water Unios, greatly resembling Aviculas, 
Solens, and Areas. Such would-be-marine fossils have been 
brought to me from the shore opposite to Obydos, near San- 
tarem, and I have readily recognized them for what they 
truly are, fresh-water shells of the family of Naiades. I have 
myself collected specimens of these shells in the clay beds 
along the banks of the Solimoens, near Teffe, and might 
have mistaken them for fossils of that formation had I not 
known how Naiades burrow in the mud. Their resemblance 
to the marine genera mentioned above is very remarkable, 
and the mistake as to their true zoological character is as 
natural as that by which earlier ichthyologists, and even 
travellers of very recent date, have confounded some fresh- 
water fishes from the Upper Amazons of the genus Pterophyl- 
lum (Heckel) with the marine genus Platax. 
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a fresh-water basin ; these deposits are fresh- 
water deposits. But as the Valley of the Am- 
azons exists to-day, it is widely open to the 
ocean on the east, with a gentle slope from the 
Andes to the Atlantic, determining a powerful 
seaward current. When these vast accumu- 
lations took place, the basin must have been 
closed ; otherwise the loose materials would con- 
stantly have been carried down to the ocean. 

It is my belief that all these deposits belong 
to the ice-period in its earher or later phases ; 
and to this cosmic winter, which, judging from 
all the phenomena connected with it, may have 
lasted for thousands of centuries, we must look 
for the key to the geological history of the 
Amazonian Valley. I am aware that this 
suggestion will appear extravagant. But is 
it, after all, so improbable that, when Central 
Europe was covered with ice thousands of 
feet thick ; when the glaciers of Great Britain 
ploughed into the sea, and when those of the 
Swiss mountains had ten times their present 
altitude; when every lake in Northern Italy 
was filled with ice, and these frozen masses 
extended even into Northern Africa ; when a 
sheet of ice, reaching nearly to the summit of 



206 PHTSIGAL mSTOBT OF THE 

Mount Washington in the White Mountains 
(that is, having a thickness of nearly six 
thousand feet), moved over the continent of 
North America, — is it so improbahle that, in 
this epoch of universal cold, the Valley of the 
Amazons also had its glacier poured down into 
it from the accumulations of snow in the Cor- 
dilleras, and swollen laterally by the tributary 
glaciers descending from the table-lands of 
Guiana and Brazil? The movement of this 
immense glacier would be eastward, and deter- 
mined as well by the vast reservoirs of snow 
in the Andes as by the direction of the valley 
itself. It must have ploughed the valley bot- 
tom over and over again, grinding all the 
materials beneath it into a fine powder or 
reducing them to small pebbles, and it must 
have accumulated at its lower end a moraine 
of proportions as gigantic as its own ; thus 
building a colossal sea-wall across the mouth of 
the valley. I shall be asked at once whether 
I have found here also the glacial inscriptions, 
— the furrows, striae, and polished surfaces so 
characteristic of the ground over which gla- 
ciers have travelled. I answer, not a trace of 
them ; for the simple reason that there is not 
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a natural rock surface to be found throughout 
the whole Amazonian Valley. The rocks them- 
selves are of so friable a nature, and the decom- 
position caused by the warm torrential rains 
and by exposure to the burning sun of the 
tropics so great and unceasing, that it is hope- 
less to look for marks which in colder climates 
and on harder substances are preserved through 
ages unchanged. With the exception of the 
rounded surfaces so well known in Switzerland 
as the roches moutonneeSj heretofore alluded 
to, which may be seen in many localities, and 
the boulders of Errere, the direct traces of 
glaciers as seen in other countries are wanting 
here. I am, indeed, quite willing to admit 
that, from the nature of the circumstances, 
I have not here the positive evidence which 
has guided me in my previous glacial inves- 
tigations. My conviction in this instance is 
founded, first, on the materials in the Ama- 
zonian Valley, which correspond exactly in 
their character to materials accumulated in 
glacier bottoms ; secondly, on the resemblance 
of the upper or third Amazonian formation to 
the Rio drift,* of the glacial origin of which 

* As I have stated in the beginning, I am satisfied that the 
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there cannot, in my opinion, be any doubt ; 
thirdly, on the fact that tills fresh-water ba^in 
must hare been closed against the sea by some 
powerful barrier, the removal of which would 
naturally give an outlet to the waters, and 
cause the extraordinary denudations, the evi- 
dences of which meet us everywhere through- 
out the valley. ' 

On a smaller scale, phenomena of this kind 
have long been familiar to us. In the present 
lakes of Northern Italy, in those of Switzer- 
land, Norway, and Sweden, as well as in those 
of New England, especially in the State of 
Maine, the waters are held back in their basins 

nnstratified clay deposit of Rio and its Ticinity is genuine 
glacial drift, resulting from the grinding of the loose mate- 
rials interposed between the glacier and the solid rock in 
place, and retaining to this day the position in which it was 
left by the ice. Like aU such accumulations, it is totally 
free from stratification. If this be so, it is evident, on com- 
paring the two formations, that, the ochraceous sandy clay 
of the Yalley of the Amazons has been deposited under dif- 
ferent circumstances ; that, while it owes its resemblance 
to the Eio drift to the fact that, its materials were origi- 
nally ground by glaciers in the upper part of the valley, 
these materials have subsequently been spread throughout 
the whole basin and actually deposited under the agency of 
water. 
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by moraines. In the ice-period these depres- 
sions were filled with glaciers, which, in the 
course of time, accumulated at their lower end 
a wall of loose materials. These walls still 
remain, and serve as dams to prevent the es- * 
cape of the waters. But for their moraines, 
all these lakes would be open valleys. In the 
Roads of Glen Roy, in Scotland, we have an 
instance of a fresh-water lake, which has now 
wholly disappeared, formed in the same man- 
ner, and reduced successively to lower and 
lower levels by the breaking down or wearing 
away of the moraines which originally pre- 
vented its waters from flowing out. Assum- 
ing then, that, under the low temperature of 
the ice-period, the climatic conditions neces- 
sary for the formation of land-ice existed in 
the Valley of the Amazons, and that it was 
actually filled with an immense glacier, it fol- 
lows that, when these fields of ice yielded to 
a gradual change of climate, and slowly melted 
away, the whole basin, then closed against tho 
sea by a huge wall of dSbriSy was transformed 
into a vast fresh-water lake. The first effect 
of the thawing process must have been to sep- 
arate the glacier from its foundation, raising 

K 
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it from immediate contact with the valley bot- 
tom, and thus giving room for the accumula- 
tion of a certain amount of water beneath it ; 
while the valley as a whole would still be occu- 
pied by the glacier. In this shallow sheet of 
water under the ice, and protected by it from 
any violent disturbance, those finer triturated 
materials always found at a glacier bottom, 
and ground sometimes to powder by its action, 
would be deposited, and gradually transformed 
from an unstratified paste containing the finest 
sand and mud, together with coarse pebbles and 
gravel, into a regularly stratified formation. 
In this formation the coarse materials would 
of course fall to the bottom, while the most 
minute would settle above them. It is at this 
time and imder such circumstances that I be- 
lieve the first formation of the Amazonian Val- 
ley, with the coarse-, pebbly sand beneath, and 
the finely laminated clays above, to have been 
accumulated. 

I shall perhaps be reminded here of my fos- 
sil leaves, and asked how any vegetation would 
be possible under such circumstances. But it 
must be remembered, that, in considering all 
these periods, we must allow for immense 
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lapses of time and for yery gradual changes ; 
that the close of this first period would be very 
different from its beginning ; and that a rich 
vegetation springs on the very borders of the 
snow and ice fields in Switzerland. The fact 
that these were accumulated in a glacial basin 
would, indeed, at once account for the traces 
of vegetable life, and for the absence, or at 
least the great scarcity, of animal remains in 
these deposits. For while fruits may ripen 
and flowers bloom on the very edge of the 
glaciers, it is also well known that the fresh* 
water lakes formed by the melting of the ice 
are singularly deficient in life. There are, in- 
deed, hardly any animals to be found in gla- 
cial lakes. 

The second formation belongs to a later pe^ 
riod, when, the whole body of ice being more 
or less disintegrated, the basin contained a 
larger quantity of water. Beside that arising 
from the melting of the ice, this immense val- 
ley bottom must have received, then as now, 
all which was condensed from the atmosphere 
above, and poured into it in the form of rain 
or dew. Thus an amount of water equal to 
that nqw flowing in from all the tributaries 
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of the main stream must haye been rashing 
towards the axis of the valley, seeking its nat- 
ural level, but spreading over a more extensive 
surface than now, until, finally gathered up 
as separate rivers, it flowed in distinct beds. 
In its general movement toward the central 
and lower part of the valley, the broad stream 
would carry along all the materials small 
enough to be so transported, as well as those 
so minute as to remain suspended in the 
waters. It would gradually deposit them in 
the valley bottom in horizontal beds, more or 
less regular, or here and there, wherever ed- 
dies gave rise to more rapid and irregular 
currents, characterized by torrential stratifi- 
cation. Thus has been consolidated in the 
course of ages that continuous sand formation 
spreading over the whole Amazonian basin, 
and attaining a thickness of eight hundred 
feet. 

While these accumulations were taking place 
within this basin, it must not be forgotten that 
the sea was beating against its outer walls, — 
against that gigantic moraine which I suppose 
to have closed it at its eastern end. It would 
seem that, either from this cause, or perhaps 
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in consequence of some turbulent action from 
within, a break was made in this defence, and 
the waters rushed violently out. It is very pos- 
sible that the waters, gradually swollen at tlie 
close of this period by the further melting of 
the ice, by the additions poured in from lat- 
eral tributaries, by the rains, and also by the 
filling of the basin with loose materials, would 
overflow, and thus contribute to destroy the 
moraine. However this may be, it follows 
from my premises that, in the end, these waters 
obtained a sudden release, and poured seaward 
with a violence which cut and denuded the 
deposits already formed, wearing them down 
to a much lower level, and leaving only a few 
remnants standing out in their original thick- 
ness, where the strata were solid enough to 
resist the action of the currents. Such are 
the hills of Monte Alegre, of Obydos, Almei- 
rim, and Cupati, as well as the lower ridges of 
Santarem. This escape of the waters did not, 
however, entirely empty the whole basin ; for 
the period of denudation was again followed 
by one of quiet accumulation, during which 
was deposited the ochraceous sandy clay rest- 
ing upon the denudated surfaces of the under- 



il4 PBT8ICAL mSTOBT OF THE 

^ng sandstone. To this period I refer the 
boulders of Errer^^ sunk as th^y are in the 
elay of this final deposit. I suppose them to 
have been brought to their present position hj 
floating ice at the close of the glacial periodi 
when nothing remained of the ice-fields except 
such isolated glasses, — ice-raf ts, as it were ; 
or perhaps bj icebergs dropped into the basin 
from glaciers still remaining in the Auded and 
on the edges of the plateaus of Guiana and 
Srazil. From the general absence of stratifi- 
cation in this clajr formation, it would seem 
that the comparatiyely shallow sheet of water 
in which it was deposited was very tranquiL 
indeed, after the waters had sunk much below 
tfae level which they held during the deposition, 
^f the sandstone, and the currents which gave 
tise to the denudation of the latter had ceased, 
the 'whole sheet of water would naturally be- 
come much more placid. But the time came 
when the water broke through its boundaries 
tigain, perhaps owing to the further encroach- 
ment of the sea and consequent destruction of 
'tihe moraine. In this second drainage, how- 
ever, the waters, carrying away a considerable 
-peM of the new deposit, furrowing it to its veijr 
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Ig^ndation, and evei^ cutting through it ii^t9 
the underlying sandstone, were, in the en^ 
Reduced to something like t^heir present leve^ 
and ponQned within their present bedst Tliif 
is shown by the fact that in this ochre-colored 
play, ^d penetrating to 2^ greater or less depth 
the sandstoue below, are dug, not only the 
great longitudinal channel of the Amazons 
itself, but also the lateral furrows through 
which its tributaries reach the main streamy 
and the network of anastomosing branches 
flowing between them ; the whole forming the 
most extraordinary river system in the world. 
My assumption that the sea has produce^ 
yery extensive cha^igesf in the coast of Brazil 
— changes more than sufficient to account iqjf 
the disappearance of the glacial wall which | 
jEtupppse to have closed the Amazonian Valley 
ii^ the ice-period — is by no means hypothetical. 
This action is still going on to a remarkable 
degree, and is even now rapidly modifying the 
outline of the shore. When I fir^t arrived at 
Par& I was struck with the fact tibat the Ama- 
zons, the largest river in Ihe world, has no 
delta. AU the other rivers which we pall great, 
though some of them are insignificant as com- 
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pared with the Amazons, — the Mississippi, 
the Nile, the Ganges, and the Danube, — de- 
posit extensive deltas ; and the smaller rivers 
also, with few exceptions, are constantly build- 
ing up the land at their mouths by the mate- 
rials they bring along with them. Even the 
little river Kander, emptying into the Lake of 
Thim, is not without its delta. Since my re- 
turn from the Upper Amazons to Par& I have 
made an examination of some of the harbor 
islands, and also of parts of the coast, and have 
satisfied myself that, with the exception of a 
few small, low islands, never rising above the 
sea-level, and composed of alluvial deposit, they 
are portions of the mainland detached from 
it, partly by the action of the river itself, and 
partly by the encroachment of the ocean. In 
fact, the sea is eating away the land much 
faster than the river can build it up. The 
great island of Marajo was originally a contin- 
uation of the Valley of the Amazons, and is 
identical with it in every detail of its geologi- 
cal structure. My investigation of the island 
itself, in connection with the coast and the 
river, leads me to suppose that, having been 
at one time an integral part of the deposits 
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described above, at a later period it became an 
island in the bed of the Amazons, which, di- 
viding in two arms, encircled it completely, and 
then, joining again to form a single stream, 
flowed onward to the searshore, which in those 
days lay much farther to the eastward than it 
now does. I suppose the position of the island 
of Marajo at that time to have corresponded 
very nearly to the present position of the 
island of Tupinambaranas, just at the junction 
of the Madeira with the Amazons. It is a 
question among geographers wh'ether the To- 
cantins is a branch of the Amazons, or should 
be considered as forming an independent river 
system. It will be seen that, if my view is 
correct, it must formerly have borne the same 
relation to the Amazons that the Madeira River 
now does, joining it just where Marajo divided 
the main stream, as the Madeira now joins it 
at the head of the island of Tupinambaranas. 
If in countless centuries to come the ocean 
should continue to eat its way into the Valley 
of the Amazons, once more transforming the 
lower part of the basin into a gulf, as it was 
during the cretaceous period, the time* might 
arrive when geographers, finding the Madeira 

10 
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aaptyiiig almost immediately into Cba ma, 
would ask th^nselYes whether it had eyer 
been indeed a branch of the Amazims, just tm 
they now question whether the Toca&tins J8 
a tributary of the main stream or an inA^Nsn* 
dent river. But to return to MarajOyAnd to 
tiie facts actually in our possession. 

The island is intersected, in its souihesastr 
em end, by & considerable river called the 
Zgamp^ Grande. The eut made through tho 
land by this stream seems intended to serve 
as a geological section, so perfectly does it 
display the three oharacteristie Amazonian 
formations above described. At its laoiith, 
near the town of Sour^ and at Salvaterra, on 
the opposite bank, may be seen, lowest, ih^ 
wellrstratified sandstone with the finely lam- 
nated clays resting upon it, overtopped by n 
crust ; then the crossHstratified, faiglily lermr 
ginous sandstone, with quartz pebbles here and 
there; and, above all, tiie well-^known oebrnr 
eeous, unstratified sandy clay, ^pceading .ovter 
the undulating surface of the .denudated «andr 
«tone, fdlowing aU its inequalities, and fitting 
all its depressions and fucrows. But wlule ^ib^ 
Igarap^ Grande has jcbig its j^luuinel down i§ 
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the B€% cntting jQie|se jfopnataoBSy aa I aaq^ 
ttduedy to a iliepth of t^enly-fiye fathoms, i| 
h^ ti^is opened the way {or the enci:oach- 
menta of the tidea, a^d the ocean is no^, ^ 
its turn, gaining upon the land. Were there 
nq other evidence of the action of the tidef 
in this locality, titie ateep cut .of the Igarap^ 
jQrande, contrasting with the gpntle slope o^ 
the bajikks near its mouth, wherever they h^TQ 
been modified by the invasion of the sea, wou)^ 
enable us to distinguish the work of the riye^ 
^om that of the ocean, ^and to prove that th^ 
denudation now going on is due in part t^ 
T^oiO^. But besides this, I was so fortui^fite a^ 
jt9 discover here unmistakable and perfectly 
jConvincing evidence of the ,onward ;ppiovemen^ 
of the sea. At the mouth of the Ig?utip4 
Gr^mdOy both at .Sou^^ an^ at Salvaterra, on 
J^ southern side o;f the ](ga|rap^, is ^ su^ 
jnei^ed forest, fjv^dent^y thift iorest grew in 
ou^ of those maxshy landf consitantly inun- 
date^y for betw^n the stqnps is accumulate,^ 
th? loose, feUrlike pei^t chi^racteristic of such 
gi^ou^ds, wd containing about as ;nuch jnud 
A9 y^g^l)l9 matter. .3i)cli .a manib j /preat, 
yith %> a^ipm of the pcf^ jtij^l «rt?f^|{ 
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erect in the peat, has been laid bare on both 
sides of the Igarap^ Grande by the encroach- 
ments of the ocean. That this is the work of 
the sea is undeniable, for all the little depres- 
sions and indentations of the peat are filled 
with sea-sand, and a ridge of tidal sand divides 
it from the forest still standing behind. Nor 
is this aU. At Vigia, immediately opposite to 
^our^, on the continental side of the Par& 
River, just where it meets the sea, we have 
the counterpart of this submerged forest. An- 
other peat-bog, with the stumps of innumera- 
ble trees standing in it, and encroached upon 
yi the same way by tidal sand, is exposed here 
also. No doubt these forests were once all 
4^ontinuous, and stretched across the whole 
basin of what is now called the Pari River. 
Since I have been pursuing this inquiry, I 
}iave gathered much information to the same 
effect from persons living on the coast. It is 
well remembered that, twenty years ago, there 
existed an island, more than a mile in width, 
to the northeast of the entrance of the Bay 
of Vigia, which has now entirely disappeared. 
Farther eastward, the Bay of Braganza has 
doubled its width in the last twenty years, and 
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on the shore, withm the bay, the sea has 
gained upon the land for a distance of two 
hundred yards during a period of only ten 
years. The latter fact is ascertained by the 
position of some houses, which were two hun- 
dred yards farther from the sea ten years ago 
than they now are. From these and tlie like 
reports, from my own observations on this 
part of the Brazilian coast, from some investi- 
gations made by Major Coutinho at the mouth 
of the Amazons, on its northern continental 
shore, near Macapa, and from the reports of 
Mr. St. John respecting the formations in the 
valley of the Paranahyba, it is my belief that 
the changes I have been describing are but a 
small part of the destruction wrought by the 
sea on the northeastern shore of this conti- 
nent. I think it will be found, when the coast 
has been fully surveyed, that a strip of land 
not less than a hundred leagues in width, 
stretching from Cape St. Boque to the northern 
extremity of South America, has been eaten 
away by the ocean. If this be so, the Para^ 
nahyba and the rivers to the northwest of it, 
in the province of Maranham, were formerly 
tributaries of the Amazons; and all that we 
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know thus far of their geologioid chairiu^^ 
goes to prove that this .was aotiia^j the Qfu^. 
£ttch au extensive ocQCUoic .^ei^i^tiou fxms^ 
have .carried away not only the gigantic glaQif^ 
moraine here assumed to have cloi$e4 fH^ 
moath of the Amazonian hasin, htut the ffery 
ground on which it stood. 

During ihe last lour ^or fi^e years, I ihai^ 
heen engaged in a i^es ^of investigations, i^ 
the XJuited States, upon ,the subject of tb^ 
denudations connected .with tlie clo^ of th^ 
glacial period there, and thc^encroaclimeiitSfQl 
the ocean upon the drift deposits alqng i^ 
Atlantic coast* Had these investigations fiiee^ 
fiublished in detail, with the necessary mappi, 
it would have been far easier for ine to e^plfto 
ihe facts I Imve lately observed in the Ava^ 
«onian Yalley, to connect them with i^i§ 
of a like: character on the. continent of Nortij^ 
America, and to show liow rremarkably tbegr 
^correspond with ffusts accoiwlished duripg )tU9 
«ame period in otlier parts of the world. ^.Ml^ 
-the glacial epoch itself has :been ^very c^c^eri- 
*ively studied in the last balf^Qent^ry, litt|e 
Qi;te»tion lias been paid to tbo ,re^ult§ .coor 
Dieted with the I^reaking ^p.oif the <ge<q^|[)giGf^ 
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winter ^and the final disappearance qi tb^ ice. 
I beHeve that the true explanatipn of th^ preab 
ence of a large part oi t^e si^pc^ficifil ,i^eg;K)!sitf 
lately ascribed to the agepcy o£ tlie aea dor* 
ing temporary subsidences of the land^wiUbe 
found in the melting of the ice-fields. To thL^ 
cause i would refer all those depositft whio\i 
i have designated in former publications af 
remodelled drift. TVhen the sl>eet of ice, ex- 
tending from the Arctic jregions over a igreat 
part of North America and coming dowj^ to 
ihe «ea, slowly melted away, l^e waters were 
not distributed over tlie fsice of the ^country ^ 
they now are. They rested .\ipon the bol^on^ 
deposits of the ice-fields, upon the glacial paste, 
consisting of clay,tsand, peibbles, boulders,, etc.^ 
tmderlying the ice. This bottom ^deposit d^L 
not, of course, present an even i»urface, but 
must have had extensive ^undulations and d&- 
pressions. After the F^tecs had |)een drainei^ 
off from the more elevated ridges, these . de- 
pressions woidd stUl remain full. lu tlie lajce^ 
•and pools thus formed, stratified .deposits ,woul^ 
be accumulated, consisting of the ipos^ ^i- 
•nutely comminuted ol^y, deposited in, ^hi^l^xij^- 
dnafted layers^ yOr ,|KiiaetiQie||3 in cons^er^^lp 
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masses, without anj sign of stratification; 
such differences in the formation being deter- 
mined by the state of the water, whether per- 
fectly stagnant or more or less agitated. Of 
such pool deposits overlying the drift there are 
many instances in the Northern United States. 
By the overflowing of some of these lakes, and 
by the emptjring of the higher ones into those 
on a lower level, channels would gradually be 
formed between the depressions. So began to 
be marked out our independent river systems, 
— the waters always seeking their natural level, 
gradually widening and deepening the channels 
in which they flowed, as they worked their 
way down to the sea. When they reached the 
shore, there followed that antagonism between 
the rush of the rivers and the action of 
the tides, — between continental outflows and 
oceanic encroachments, — which still goes on, 
and has led to the formation of our eastern 
rivers, with their wide, open estuaries, such as 
the James, the Potomac, and the Delaware. 
All these estuaries are embanked by drift, as 
are also, in their lower course, the rivers con- 
nected with them. Where the country was 
low and flat, and the drift extended far into 
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the ocean, the encroachment of the sea gave 
rise, not only to our large estuaries, but also 
to the sounds and deep bays forming the most 
prominent indentations of the continental coast, 
such as the Bay of Fundy, Massachusetts Bay, 
Long Island Sound, and others. The unmis- 
takable traces of glacial action upon all the 
islands along the coast of New England, some- 
times lying at a very considerable distance 
from the mainland, give an approximate, though 
a minimum, measure of the former extent of 
the glacial drift seaward, and the subsequent 
advance of the ocean upon the land. Like 
those of the harbor of Par&, all these islands 
have the same geological structure as the con- 
tinent, and were evidently continuous with it 
at some former period. All the rocky islands 
along the coast of Maine and Massachusetts 
exhibit the glacial traces wherever their sur- 
faces are exposed by the washing away of the 
drift; and where the drift remains, its char- 
acter shows that it was once continuous from 
one island to another, and from all the islands 
to the mainland. 

It is difficult to determine with precision the 
ancient limit of the glacial drift, but I think it 

10* o 
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oaa be shown that it connected the pho^ joi 
Newfoundland with the continent; that Nan- 
tucket, tfartha'e yineyard, and I^ong Idand 
made part of the mainland ; that, in like man- 
ner, Nova Scotia, including Sable Island, was 
united to the southern shore of New Brunswick 
and Maine, and that the same sheet ot drift 
extended thence to Cape Cod, and stretched 
southward as far a3 Cape Hatteras ; — in short, 
fliat tjie line of shallow soundiugs along the 
yhole coast of the United States marks the 
lormer extent of glacial drift. The ocean has 
gradually eaten its way into this deposit, and 
^ven its present outlines to the continent. 
.These denudations of the sea no doubt began 
as soon as the breaking up of the ice exposed 
the .drift to its invasion ; in other words, at a 
time when colossajl glaciers stiU poui^ed forth 
:U)eir load of ice into the Atlantic, and fleets 
ol icebergs, fax larger and more numerous 
timi those now floated off ;Erom the Arctic 
iseas, were launched Irom the northeastern 
nhore of the Uuited States. Many such mass- 
es must have stranded along the shore, .aud 

tiaye 1^ variow signs (^ their pxesQ^ce* In 
laot, the gl^cii^ pheoonieufk of tb^ ffjQ^^ 
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fitfttefi and iclaewhere are due to two distiBet 
psriodfl: tbe first of these was the glaeial 
SfQoh proper, when tiie Ice was a solid sheet ; 
wliile to the second belongs the breaking up 
of this epoch, with the gradual disint^^ation 
and dispersion of the iee. We talk of the 
theory of glaciers and the theory of icebergs in 
f e&rence to these phenomena, as if they were 
^j^clusively due to one or the other, and whor 
^yer $Lccepted the former must reject the latr 
ter, and vice versa. When geologists have 
combined these now discordant elements, and 
jQPQsider these two periods as consecutive, -rr 
^jart of the phenomena bdng due to the glaeiers, 
part to the icebergs and to freshets consequent 
on their breaking up, — they will find they 
Jiave covered the whole groiund, and tliaV the 
two tlieories are perfectly ocmsistent with eacl| 
other* I think the present disputes upon this 
^^b]€^ will end somewhat like those whieh 
dividied the Neptunic ftnd Plutonic schools of 
geologists in the early part of this century | 
the former of whom would have it that all the 
TsOQks were due to the action of water, the latr' 
t^r that they were wholly due to the action ot 
%$i- TbP W^Umi yrm splved^ and ba^rniiony 
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restored, when it was fonnd that both elements 
had been equally at work in forming the solid 
crust of the globe. To the stranded icebergs 
alluded to above, I have no doubt, is to be 
referred the origin of the many lakes without 
outlet existing all over the sandy tract along 
our coast of which Cape Cod forms a part. 
Not only the formation of these lakes, but also 
that of our salt-marshes and cranberry-fields, 
I believe to be connected with the waning of 
the ice-period. 

I hope at some future time to publish in 
detail, with the appropriate maps and illus- 
trations, my observations on our coast changed, 
and upon other phenomena connected with the 
close of the glacial epoch in the United States. 
It is reversing the natural order of tilings to 
give results without the investigations which 
have led to them ; and I should not have intro- 
duced the subject here, except to show that the 
fresh-water denudations and the oceanic en- 
croachments which have formed the Amazo- 
nian VaUey, with its river system, are not 
isolated facts, but that the process has been 
the same in both continents. The extraordi- 
nary continuity and uniformity of the Ama- 
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zonian deposits are due to the immense size 
of the basin enclosed, and the identity of the 
materials contained in it. 

A glance at any geological map of the world 
will show the reader that the Valley of the 
Amazons, so far as any attempt is made to 
explain its structure, is represented as contain- 
ing isolated tracts of Devonian, Triassic, Ju- 
rassic, cretaceous, tertiary, and alluvial de- 
posits. As is shown by the above sketch, this 
is wholly inaccurate; and whatever may be 
thought of my interpretation of the actual phe- 
nomena, I trust that, in presenting for the 
first time the formations of the Amazonian 
basin in their natural connection and sequence, 
as consisting of three uniform sets of compar- 
atively recent deposits, extending throughout 
the whole valley, the investigations here re- 
corded have contributed something to the re- 
sults of modem geology. 



THB END. 
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trated, i2mo, 2.00; cr. 8vo, full gilt, 1^2.50; Library Edition^ 
including Memorial by Maiy Clemmer, Portraits and 24 Illus- 
trations, 8vo, $400. 

Ljdia Maria CSUld. Looking Toward Smiset, i2mo» J^2*5o; 

Letters, with Biography by Whittier, i6mo, $i.5a 
James Freeman Clarke. Ten Great Religions, Parts I. and 

11^ i2mo, each $2.00; Common Sense in Religion, X2mo, J(2.oo; 

Memorial and Biographical Sketches, i2mo, $2.00. 

Jolm XSsten Cooke. My Lady Pokahontas, i6mo, 1^1.25. 

James Fenimore Cooper. Works, new Household Editim^ 
Illustrated, 32 vols. i6mo, each |i.oo; the se^ J^32.oo; Firt^ 
side Edition, Illustrated, 16 vols. i2mo, |2aoo. 

Cliailes ZSgbert Craddock. In the Tennessee Mountain^ 
i6mo, $1.25; Down the Ravine, Illustrated, $ijoo; The 
Prophet of the Great Smoky Mountains, i6mo^ ii*35* 

T. F. Crane. Italian Popular Tales, 3vo^ 12.5a 

F. Marion Crawford. To Leeward, i6mo, $1.35 ; A Roman 
Singer, i6rao, $1.25; An American Politidan, i6mo, $1.25. 

M Creie^ton. The Papacy during the Reformatioq, 2 vols. 

Svo, $iQ«oa 
Richard H. Dana. To Cuba and Back, i6mo, 1^1.25 ; Two 

Years Before the Mast, i2mo, |i.oa 

G. W. and Emma De Lon& Voyage of the Jeannette. s 
vols. 8vo, $7.50; New One-Volume Edition, 8vo, ^.50. 

Tbomas De Qaincey. Works, X2 vols. i2mo» each iu^\ 

the set, $18.00. 
BCadaoM De StaeL Germany, i2mo, 1^2.50. 
Cbarles Dickens. Works, Illustrated Library Edition, with 

Dickens Dictionary, 30 vols. i2mo, each I1.50 ; the set, $45^00 ; 

Globe Edition, 1.5 vols. i6mo, each I1.25 ; the set, $1875. 
J. Itowis Diman. The Theistic Argument, etc, cr. 8vq, ^.oq ; 

Orations and Essays, cr. 8vo, I2.50. 

Theodore A. Dodge. Patrodus and Penelope» "^"^♦^♦ftA 
8vo, $3.oa i6mo, Outline Illustrations, I1.25. 

Bicllit BtiUaes of the iKnrd's Day. i2me, Ji^ 
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Gtoorge X&iot. The Spanish Gypsy, a Poem, i6mo, |ixxx 
Ralph "Waldo Emerson. Works, Riverside Edition^ 1 1 vols, 
each $1.75; the set, $19.25; "Little Ciassic" Edition^ 11 vols. 
i8mo,each, $1.50; Parnassus, Household Edition, i2mo, $2.00;. 
Library Edition^ 8vo, $4.00 ; Poems, Household Edition, Por- 
trait, i2mo, $2.00. 
Bn gHait Dramatists. Vols. 1-3, Marlowe's Works; Vols. 
4-1 1, Middleton*s Works ; each vol. $3.00; Large-Paper Edu 
Hon, each vol. $4.00. 

Edgar Fawcett. A Hopeless Case, i8mo, $1.25 ; A Gentle- 
man of Leisure, iSmo, $1.00; An Ambitious Woman, i2mo» 
11.5a 

FAielon. Adventures of Telemachus, i2mo, I2.25. 

James T. Fields. Yesterdays with Authors, i2mo, I2.00 ; 8vo^ 

Illustrated, I3.00 ; Underbrush, i8mo, $1.25 ; Ballads and other 

Verses, i6mo, $1.00; The Family Library of British Poetry, 

royal 8vo, $5.00 ; Memoirs and Correspondence, cr. 8vo, $2.oa 

folin Fiske. Myths and Mythmakers, i2mo, I2.06; Outlines 
of Cosmic Philosophy, 2 vols. 8vo, $6.00 ; The Unseen World, 
and other Essays, i2mo, $2.00 ; Excursions of an Evolutionist, 
i2mo, $2.00; The Destiny of Man, i6mo, $1.00; The Idea of 
God, i6mo, $1.00; Darwinism, and Other Essays, New Edi- 
tion, enlarged, i2mo, $2.00. 

WUllam H. Fumess. Verses, i6mo» vellum, I1.25. 

Dorsey Gardner. Quatre Bras, Ligny and Waterloo, 8vo, $5.oa 

Gentleman's Magarine Library. 14 vols. 8vo, each $2.50; 
Roxburgh, $3.50; Large-Paper Edition, $6.oa I. Manners and 
Customs. II. Dialect, Proverbs, and Word-Lore. III. Pop- 
ular Superstitions and Traditions. IV. English Traditions 
and Foreign Customs. V. Archaeology. (Last two styles sold 
only in sets,) 

John F. Gennngi Tennyson's In Memoriam, cr. 8vo, $1.25. 

Johann "Wolfgang von Goethe. Faust, Part First, Trans- 
lated by C. T. Brooks, i6mo, $1.25 ; Faust, Translated by Bay- 
ard Taylor, cr. 8vo, $3.00 ; 2 vols, royal 8vo» I9.00 ; 2 vols. 1 2mo, 
^50; Correspondence with a Child, i2mo, $1.50; Wilhelm 
Meister, Translated by Carlyle, 2 vols. i2mo, $3.00. Life, b/ 
Lewes, together with the above five i2mo vols., the set, $io.oa 



6 Houghton^ Mifflin and Company s 

Oliver Ooldsmith. The Viou- of Wakefield. Handy- Vol- 
ume Edition, 32010, ^1,25. 

Charles George Gk>rdon. Diaries and Letters, 8vo, I2.00. 

Gtoorge H. Gordon. Brook Farm to Cedar Mountain. 1 861-2. 
8vo, $3.00 ; Campaign of Army of Virginia, 1862. 8vo, $4.00 ; 
A War Diary, 1863-5. 8vo, $3.00. 

George Zabriskie Gray. The Children's Crusade, i2mo, 
$1.50; Husband and Wife, x6mo, %\jqo, 

Anna Davis HallowelL James and Lucretia Mott, cr. 8vo, 

I2.00. 
R. P. HallowelL The Quaker Invasion of Massachusetts. 

1^0, $1.25. 

Arthur Sherburne Hardy. But Yet a Woman, x6mo, $1.25. 

Bret Harta Works, 5 vols. cr. 8vo, each >2.oo ; In the Car- 
quinez Woods, i8mo, $1.00; Flip, and Found at Blazing Star, 
i8mo, $1.00; On the Frontier, i8mo, $1.00; By Shore and 
Sedge, i8mo, $1.00; Maruja, i8mo, $1.00; Poems, Househola 
Edition^ Illustrated, i2mo, $2.00; cr. 8vo, full gilt, $2.50; Red* 
Line Edition^ small 4to, $2.50; Diamond Edition^ j^l.oo; 
Snow-Bound at Eagle's, i8mo, $1.00. 

Nathaniel Hawthorne. Works, ^^LittU Classic" Edition, 
Ill^istrated, 25 vols. i8mo, each |i.oo; the set ^25. 00; New 
Riverside Edition, Introductions by G. P. Lathrop, 11 Etch- 
ings and Portrait, 12 vols. cr. 8vo, each $2.00 ; Wayside Edi- 
Hon, with Introductions, Etchings, etc., 24 vols. i2mo, $36.oa 
{Sold only in sets.) The Scarlet Letter, i2mo, $1.00. 

John Hay. Pike County Ballads, i2mo, I1.50; Castilian 
Days, i6mo, f 2.00. 

S. R Herrick. Some Heretics of Yesterday, cr. 8vo, 11.5a 

George S. Hillard. Six Months in Italy, i2mo, I2.00. 

Oliver "Wendell Holmes. Poems, Household Edition, Illus- 
trated, i2mo, $2.00 ; cr. 8vo, full gilt, >2.5o ; Illustrated Library 
Edition, 8vo, $4.00; Handy- Volume Edition, 2 vols. 32mo, 
I2.50; The Autocrat of the Breakfast-Table, cr. 8vo, $2xx>; 
Handy- Volume Edition, 32mo, I1.25 ; The Professor at the 
Breakfast-Table, cr. 8vo, I2.00; The Poet at the Breakfast- 
Table, cr. 8vo, $2.0Q ; Elsie Venner, cr. 8vo, $2.00 ; The Guar- 
dian Angel, cr. 3vo, ^.00; Medical Essays, cr. 8vo, $2JOOi 
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Pages from an Old Volume of Life, cr. 8vo, %2xxi ; John Lo- 
throp Motley, A Memoir, i6mo, $1.50; Illustrated Poems, 
8vo, $5.00; A Mortal Antipathy, cr. 8vo, 1^1.50; The Last 
Leaf, Illustrated, 4to, |^io.oo. 
Nathaniel Holmes. The Authorship of Shakespeare. New 
Edition. 2 vols. 

Blanche "Willia Ho'ward. One Summer, Illustrated, i2mo, 
$1.25; One Year Abroad, iSmo, $1.25. 

William D. Howella. Venetian Life, i2mo, I1.50; Italian 
Journeys, i2mo, 1^1.50; Their Wedding Journey, Illustrated, 
i2mo, $1.50; i8mo, $1.25; Suburban Sketches, Illustrated, 
i2mo, $1.50; A Chance Acquaintance, Illustrated, i2mo, 
1^1.50; i8mo, 1^1.25; A Foregone Conclusion, i2mo, 1^1.50; 
The Lady of the Aroostook, i2mo, $1.50; The Undiscovered 
Country, i2mo, $1.50. 

Thomas Hnghes. Tom Brown's School-Days at Rugby, 
i6mo, $1.00 ; Tom Brown at Oxford, i6mo, I1.25; The Man- 
liness of Christ, i6mo, $1.00; paper, 25 cents. 

William Morris Hunt. Talks on Art, Series I. and II. Svo, 
each $1.00. 

Henry James, Jr. A Passionate Pilgrim and other Tales, 
i2mo, $2.00; Transatlantic Sketches, i2mo, $2.00; Roderick 
Hudson, i2mo, $2.00; The American, i2mo, $2.00; Watch 
and Ward, i8mo, $1.25; The Europeans, i2mo, 1^1.50; Confi- 
dence, i2mo, $1.50; The Portrait of a Lady, i2mo, $2.00. 

Mrs. Anna Jameson. Writings upon Art Subjects. New 
Edition, 10 vols. i6mo, each $1.25 ; the set, 1^12.50. 

Sarah Orne Jewett. Deephaven, i8mo, $1.25 ; Old Friends 
and New, i8mo, $1.25 ; Country By- Ways, i8mo, $1.25 ; Play- 
Days, Stories for Children, square i6mo, $1.50 ; The Mate of 
the Daylight, i8mo, $1.25 : A Country Doctor, i6mo, $1.25 ; 
A Marsh Island, i6mo, $1.25. 

Rossiter Johnson. Little Classics, 18 vols. i8mo, each |i.oo ; 
the set, $18.00. 9 vols, square i6mo, $13.50. 

Samnel Johnson. Oriental Religions: India, 8vo, $5.00; 

China, 8vo, $5.00 ; Persia, 8vo, $5.00 ; Lectures, Essays, and 

Sermons, cr. 8vo, $1.75. 
Charles C. Jones, Jr. History of Georgia, 2 vols. 8vo, f 10.0a 
Omar Khayyam. Rubdiydt, Red-Liru Edition^ square i6mo. 

$1.00 ; the same, with 56 Illustrations by Vedder, folio, $25.00' 



8 Houghton^ Mifflin and Company s 

T. Starr King. Christianity and Humanity, with Portrait 
i6ino, $2.00 ; Substance and Show, i6mo, |^2.oo. 

Cliarlea and llCary Z«amb. Tales from Shakespeare. Han- 
dy-Volume Edition, 32mo, I1.25. 

Henry IiansdelL Russian Central Asia. 2 vols. $iaoa 

Lncy Iiarcom. Poems, i6mo, I1.25 ; An Idyl of Work, i6mo» 
1^1.25; Wild Roses of Cape Ann and other Poems, i6mo» 
1 1.25; Breathings of the Better Life, i8mo, $1.25; Poems, 
Household Edition^ Illustrated, i2mo, |^2.oo ; full gilt, I2.50. 

George Parsons Lathrop. A Study of- Hawthorne, iSmo, 
I1.25. 

Henry C. Lea. Sacerdotal Celibacy, 8vo, 14.5a 
Sophia and Harriet Lee. Canterbury Tales. New Edition. 
3 vols. i2mo, $3.75. 

Cliarlea G. Leland. The Gypsies, cr. 8vo, %zxx^\ Algonquin 
Legends of New England, cr. 8vo» %2joo, 

Gtoorge Henry Lewes. The Story of Goethe's Life, Por- 
trait, i2mo, #1.50 ; Problems of Life and Mind, 5 vols. Svo^ 
$14.00. 

J. G. Lockhart. Life of Sir W. Scott, 3 vols. i2mo, 14.5a 

Henry Cabot Lodge. Studies in History, cr. 8vo, $i.5a 

Henry "Wadsworth Longfellow. Poetical Works, Cam- 
bridge Edition^ 4 vols. i2mo, fe/» ; Poems, Octavo Edition^ 
Portrait and 300 Illustrations, |^8.oo ; Household Edition^ Illus- 
trated, l2mo, $2.00; cr. 8vo, full gilt, $2.50; Red-Litte Edition^ 
Portrait and 12 Illustrations, small 4to, 1^2.50; Diamond Edi^ 
tion^ $1.00 ; Library Edition^ Portrait and 32 Illustrations, 8vo, 
^00 ; Christus, Household Edition, $2.00 ; cr. 8vo, full gilt, 
$2.50; Diamond Edition, $1.00; Prose Works, Cambridge 
Edition, 2 vols. i2mo, 1^4.50; Hyperion, i6mo, 1^1.50 ; Kava- 
nagh, i6mo, $1.50; Outre-Mer, i6mo, $1.50; In the Harbor, 
i6mo, |i.oo; Michael Angelo: a Drama, Illustrated, folio, 
I7.50 ; Twenty Poems, Illustrated, small 4to, $3.00 ; Transla- 
tion of the Divina Commedia of Dante, i vol. cr. 8vo, I3.00 ; 
3 vols, royal 8vo, $13.50; cr. 8vo, $6.00; Poets and Poetry of 
Europe, royal 8vo, I5.00; Poems of Places, 31 voU« each 
$ijoo ; the set, |^25.oa 
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James Russell Lowell. Poems, Red-Line Edition^ Portrait, 
Illustrated, small 4to, I2.50; Household Edition^ Illustrated. 
X2mo, $2.00 ; cr. 8vo, full g^lt, $2.50 ; Library Edition^ Poitrait 
and 32 Illustrations, 8vo, ^.00; Diamond Edition, fi.oo; 
Fireside Travels, i2mo, 1^1.50 ; Among my Books, Series I. 
and II. X2mo, each |2.co; My Study Windows, i2mo, |^2.oa 

Thomas Babington Macanlay. Works, 1 6 vols. 1 2mo, $20.00. 

Harriet Martineau. Autobiography, New Edition, 2 vols. 
i2mo, JM-OO; Household Education, i8mo, $1.25. 

H. B. McClellan. The Life and Campaigns of Maj.-Gen. 
J. £. B. Stuart. With Portrait and Maps, 8vo, |j.oo. 

O. "W. Melville. In the Lena Delta, Maps and Illustrations, 
8vo, $2.50. 

Owen Meredith. Poems, Household Edition, Illustrated, 
i2mo, $2.00; cr. 8vo, full gilt, 1^2.50; Library Edition, Por- 
trait and 32 Illustrations, 8vo, ^00; Lucile, Red-Line Edi- 
tion, 8 Illustrations, small 4to, I2.50; Diamond Edition, 8 
Illustrations, $i.oa 

Olive Thorne Miller. Bird- Ways, i6mo, I1.25. 

John Milton. Paradise Lost. Handy- Volume Edition, 32mo» 
1^1.25. Riverside Classics Edition, x6mo, lUus. $i.oa 

S. "Weir MitchelL In War Time, i6mo, $1.25. 

J. "W. Mollett. Illustrated Dictionary of Words used in Art 
and Archaeology, small 4to, $5.00. 

Michael de Montaigne. Complete Works, Portrait, 4 vols. 

i2mo, $7.50. 
William Moontford. Euthsmasy, i2mo, ^.oa 

T. Mozley. Reminiscences of Oriel College, etc, 2 vols. i6mo, 

JJ3.00. 
Elisha Mulford. The Nation, 8vo, I2.50; The Republic of 

God, 8vo, $2.00. 
T. T. Munger. Op the Threshold, i6mo, |i.oo ; The Freedom 

of Faith, i6mo, $1.50 ; Lamps and Paths, i6mo, $1.00. 
J. A. W. Neander. History of the Christian Religion and 

Church, with Index volume, 6 vols. 8vo, $20.00 ; Index, $3.oa 

Joseph Neilson. Memories of Rufus Choate, 8vo, 15.0a 
Edmund Noble. The Russian Revolt, i6mo, $ixxk 



zo Houghton^ Mifflin and Company* s 

Charles Eliot Norton. Notes of Travel and Study in Italy, 
i6mo, 1^1 25; Translation of Dante's New Life, royal 8vo, 
$3.00. 

G. H. Palmer. Translation of Homer's Odyssey, Books 1-12, 
8vo, $2.50. 

James Parton. Life of Benjamin Franklin, 2 vols. 8vo, $5.00 ; 
Life of Thomas Jefferson, 8vo, 1^2.50; Life of Aaron Burr, 
2 vols. 8vo, $5.00 ; Life of Andrew Jackson, 3 vols. 8vo, 1^7.50 ; 
Life of Horace Greeley, 8vo, $2.50; General Butler in New 
Orleans, 8vo, $2.50; Humorous Poetry of the English Lan* 
guage, 8vo, $2.00 ; Famous Americans of Recent Times, 8vo, 
1^2.50 ; Life of Voltaire, 2 vols. 8vo, $6.00 ; The French Par- 
nassus, i2mo, $2.00 ; crown 8vo, $3.50 ; Captains of Industry, 
i6mo, $1.25. 

Blaise FascaL Thoughts, i2mo, I2.25; Letters, i2mo, 1^2.25. 

Elizabeth Stuart Phelps. The Gates Ajar, i6mo, $1.50; 
Beyond the Gates, i6mo, $1.-25; Men, Women, and Ghosts, 
i6mo, $1.50; Hedged In, i6mo, $1.50; The Silent Partner, 
i6mo, $1.50; The Story of Avis, i6mo, $1.50 ; Sealed Orders, 
and other Stories, i6mo, 1^1.50; Friends: A Duet, i6mo, 
$1.25 ; Doctor Zay, i6mo, I1.25 ; Songs of the Silent World, 
i6mo, gilt top, $1.25. 

Mrs. S. M. B. Piatt. Selected Poems, i6mo, $i.<p. 
Carl Ploetz. Epitome of Universal History, i2mo, $3.00. 
Antonin Lefevre Pontalis. The Life of John DeWitt, 

Grand Pensionary of Holland, 2 vols. 8vo, ^.00. 

Adelaide A. Procter. Poems, Diamond Edition, $ixx> ; Red' 
Line Edition^ small 4to, $2.50. 

Progressive Orthodoxy. i6mo, $i.oa 

Sampson Reed. Observations on the Growth of the Mind. 
New Edition. Portrait. i6mo, $1.00. 

C. F. Richardson. Primer of American Literatm'e, i8mo, .3a 

Riverside Aldine Series. Each volume^ i6mo, l^i.oo. First 
edition, $1.50. i. Marjorie Daw, etc., by T. B. Aldrfch; 
2. My Summer in a Garden, by C. D. Warner ; 3. Fireside 
Travels, by J. R. Lowell ; 4. The Luck of Roaring Camp, etc., 
by Bret Harte ; 5, 6. Venetian Life, 2 vols., by W. D. How- 
ELLS ; 7. Wake Robin, by John Burroughs • 8, 9. The Biglow 
Papers, 2 vols, by J. R. Lowell ; 10. Backlog Studies, by C. 
D. Warner. 
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Henxy Crabb Robinson. Diary, Reminis., etc. cr. 8vo, $2.5a 
John C. Ropes. The First Napoleon, with Maps, cr. 8vo,$2.oa 

Josiah Royce. Religious Aspect of Philosophy, i2mo, $2.00. 

Edgar Evertson Saltus. Balzac, cr. 8vo, 1^1.25 ; The Phi- 
losophy of Disenchantment, cr. Svo, $1.25. 

John Godfrey Saze. Poems, Red-Line Edition^ Illustrated, 
small 4to, $2.50 ; Diamond Edition y%i.QO\ Household Edition^ 
Illustrated, i2mo, $2.00 ; full gilt, cr. Svo, 1^2.50. 

Sir "Walter Scott. Waverley Novels, Illustrated Library 
Edition, 25 vols. i2mo, each l^i.oo; the set, $25.00; Globe 
Edition^ 100 Illustrations, 13 vols. i6mo, 1^16.25; Tales of a 
Grandfather, 3 vols. i2mo, ^.50; "Poems, Red-Line Edition, 
Illustrated, small 4to, $2.50 ; Diamond Edition, j^LOO. 

"W. H. Seward. Works, 5 vols. Svo, $15.00 ; Diplomatic His- 
tory of the War, Svo, $3.00. 

John Campbell Shairp. Culture and Religion, i6mo, $1.25 ; 
Poetic Interpretation of Nature, i6mo, I1.25 ; Studies in Po- 
etry and Philosophy, i6mo, $1.50; Aspects of Poetry, i6mo, 
I1.50. 

William Shakespeare. Works, edited by R. G. White, Riih 
erside Edition, 3 vols. cr. Svo, $7.50 ; 6 vols. Svo, $15.00. 

A.P. Sinnett. Esoteric Buddhism, i6mo, $1.25; The Occult 
World, i6mo, $1.25. 

Dr. William Smith. Bible Dictionary, American Edition, 4 
vols. Svo, $20.00. 

Edmund Clarence Stedman. Poems, Farringford Edition, 
Portrait, i6mo, $2.00; Household Edition, Illustrated, i2mo, 
I2.00; full gilt, cr. Svo, $2.50; Victorian Poets, i2mo, |^2.oo; 
Poets of America, i2mo, $2.25. The set, 3 vols., uniform, 
i2mo, $6.00 ; Edgar Allan Poe, an Essay, vellum, iSmo, $1.00. 

W. W. Story. Poems, 2 vols. i6mo, $2.50; Fiammetta: A 
Novel, i6mo, $1.25. 

Harriet Beecher Stowe. Novels and Stories, 10 vols. i2mo, 
uniform, each $1.50; A Dog*s Mission, Little Pussy Willow, 
Queer Little People, illustrated, small 4to, each I1.25 ; Uncle 
Tom's Cabin, xco Illustrations, Svo, $3.50 ; Library Edition, 
Illustrated, i2mo, f 2.00 ; Popular Edition, i2mo, f r.oo. 

Jonathan Swift Works, Edition de Luxe, 19 vols. Svo, the 
set, I76JOO. 



42 Houghton^ Mifflin and Campanys 

T. P. Tuiwell-Iiangmead. English Constitational History. 
New Edition, revised, 8to, |^7.5a 

Bayard Taylor. Poetical Works, Household Edition, i2mo^ 
$2.00 ; cr. 8vo, full gilt, $2.50 ; Melodies of Verse, i8mo, vel- 
lum, $1.00; Life and Letters, 2 vols. i2mo, ^.00; Dramatic Po- 
ems, i2mo, $2.25; Household Edition, X2mo, |^2.oo; Life and 
Poetical Works, 6 vols, uniform. Including Life, 2 vols. ; Faust/ 
2 vols. ; Poems, i vol. ; Dramatic Poems, i vol. The set, cr. 
8vo, $12x30, 

Alfred TennyBon. Poems, Household Edition, Portrait and 
Illustrations, lamo, $2.00; full gilt, cr. 8vo, $2.50; Hius- 
trated Crown Edition, 2 vols. 8vo, $5.00; Library Edition, 
Portrait and 60 Illustrations, 8vo, ^.00; Red-Line Edition, 
Portrait and Illustrations, small 4to, 1^2.50 ; Diamond Edi' 
tion, 1^1.00. 

Celia Thazter. Among the Isles of Shoals, i8mo, I1.25; 
Poems, small 4to, 1^1.50; Drift- Weed, i8mo, I1.50; Poems 
for Children, Illustrated, small 4to, 1^1.50. 

Edith M. Thomas. A New Year's Masque and other Poems, 
i6mo, $1.50. 

Joseph P. Thompson. American Comments on European 
Questions, 8vo, $3.00. 

Joseph Thomson. To the Central African Lakes, 2 vols. 
i2mo, $6.00. 

Henry D. Thorean. Works, 9 vols. i2mo, each lx.50; the 
set, $13.50. 

George Tlcknor. History of Spanish Literature, 3 vols. 8vo, 
$iaoo; Life, Letters, and Journals, Portraits, 2 vols. i2mo, 
154.00. 

Bradford Torrey. Birds in the Bush, i6mo, I1.25. 

Sophus Tromholt Under the Rays of the Aurora Boreali^ 
Illustrated, 2 vols. $7.50. 

Charles Dudley "Warner. My Summer in a Garden, River- 
side Aldine Edition, i6mo, $1.00 ; Illustrated Edition, square 
i6mo, $1.50; Saunterings, i8mo, $1.25; Backlog Studies, 
Illustrated, square i6mo, $1.50; Riverside Aldine Edition^ 
i6mo, $1.00; Baddeck, and that Sort of Thing, i8mo, %\J0O\ 



Standard and Popular Library Books. 13 

My Winter on the Nile, cr. 8vo, I2.00 ; In the Levant, cr. 8vo, 
I2.00; Being a Boy, Illustrated, square i6mo, $1.50; In the 
Wilderness, iSmo, 75 cents; A Roundabout Journey, i2mo, 
$1.50. 

William F. Warren, LL. D. Paradise Found, cr. 8vo, I2.00. 

William A. Wlieeler. Dictionary of Noted Names of Fic- 
- tion, i2mo, $2.00. 

Ed'win P. Whipple. Essays, 6 vols. cr. 8vo, each I1.50. 

Richard Grant White. £very-Day English, i2mo, |2.oo; 
Words and their Uses, X2mo, $2.00; England Without and 
Within, i2mo, $2.00; The Fate of Mansfield Humphreys, 
i6mo, $1.25; Studies in Shakespeare, i2mo, $1.75. 

Mrs. A. D. T. Wliitney. Stories, 12 vols. i2mo, each I1.50; 
Mother Goose for Grown Folks, i2mo, $1.50 ; Pansies, square 
i6mo, I1.50; Just How, i6mo, $1.00; Bonnyborough, i2mo, 
$i.5a 

John Greenleaf Whittier. Poems, Household Edition^ Illus- 
trated, i2mo, I2.00 ; full gilt, cr. 8vo, $2.50 ; Cambridge Edu 
tiotty Portrait, 3 vols. i2mo, $6.75 ; Red-Line Edition, Por- 
trait, Illustrated, small 4to, $2.50; Diamond Edition, |i.oo; 
Library Edition^ Portrait, 32 Illustrations, 8vo, ^00 ; Prose 
Works, Cambridge Edition, 2 vols. i2mo, $4.50; The Bay of 
Seven Islands, Portrait, i6mo, |^i.oo; John Woolman's Jour- 
nal, Introduction by Whittier, $1.50; Child Life in Poetry, 
selected by Whittier, Illustrated, i2mo, $2.00; Child Life in 
Prose, i2mo, $2.00; Songs of Three Centuries, selected by 
Whittier: Household Edition, Illustrated, i2mo, $2.00; full 
gilt, cr. 8vo, $2.50; Library Edition, 32 Illustrations, 8vo, 
$4.00 ; Text and Verse, i8mo, 75 cents ; Poems of Nature, 4to, 
Illustrated, $6.00. 

Woodrow Wilson. Congressional Government, i6mo, $1.25. 

J. A. Wilstach. Translation of Virgil's Works, 2 vols. cr. 8vo, 

Justin Winsor. Reader's Handbook of American Revolu- 
tion, i6mOt I1.25. 



